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20. Abstract (cont'd)

~4-that incurred in the standard TV test, but to do so in a manner

more consistent with field-imposed TV conditions and to do so in a
much shorter test period.,.-

One hundred units of the M732 S&A's were taken from a stand-
ard lot and set aside for this project. The criteria estgblished
for damage equivalency evaluation were post-test operability
(turns-to-arm--TTA), visual inspection, dimensional measurements,
and chemical-mechanical analysis. Also, information was obtained
regarding module response to vibration and frequency sub-bands to
which the module or its component parts are most sensitive. The
information resulted from use of a triaxial accelerometer and a
strain gage mounted on the module, and by an isolation-mounted
acoustical pickup. Data from the first two transducers were
analyzed in detail by use of computerized spectral analysis meth-

ods.

Predictions of a 60-percent reduction in test time came about
through empirical evaluation of the number of reversal cycles per
sweep cycle for the standard TV test and mathematical analysis
based on "false alarm" noise theory. RV tests at 5, 10, 15, and
20 g rms for 20 min/axis bracketed damage (ascertained by TTA and
visual inspection) achieved in the standard test in a 4-hr period.
Acoustical test data and spectral analysis results indicated most
activity (thus damage) occurred in the 50~ to 250-Hz sub-band.
Narrower activity sub-bands were also determined, but because of
the specific scope of the project, these observations were not
verified as to the specific cause. Other definitive conclusions
were that lubrication of units was a very important determinant
in affecting final damage, and that transverse vibration was a
more severe test than axial vibration. Additional tests and
evaluations must be performed to finalize specific parameters re-
garding envelope shape for RV testing, spectral amplitudes, and
corresponding test time duration per axis.
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1. INTRODUCTION

The standard transportation vibration (TV) test
for qualification of ordnance fuze materisl current-
ly invokes a swept sinusoidal frequency spectrum
to drive an electrodynamic shaker, upon which the
test unit is mounted. Specific frequency and time
conditions are imposed by MIL-STD 331, Method
119, Procedure I of this test cells for a sinusoidal
sweep covering 5 to 500 Hz at a rate of 1 cyele
(5—500—5 Hz) per hour, with four such cycles
applied consecutively in each of three mutually
perpendicular directions, One axis must be coinci-
dent with the longitudinal fuze axis; the total test
time is 12 hours. (Procedure II of the test is similar
but mandates 2 hours of testing per axis for a total
test duration of 6 hours.)

Basically, MIL-STD 331, Method 119, has
been the standardized TV fuze validation and lot ac-
ceptance procedure for more than two decades.
Even so, it should be noted that the test iteelf
evolved us a convenient TV criterion; it specified
test conditions that could be described precisely
and duplicated readily at & variety of installations;
thus, tests done anywhere provide similar data, It
should also be noted that the standard test made no
attempt to “simulate” actual field TV conditions
since the real environment in almost all instances
conaists of a random vibration spectrum rather
than the specified discrete sinusoidal sweep.

Although the 'T'V test has provided s somewhat
adequate validation criterion, it does have techni-
cal deficiencies, and the test procedure itself is
timo-consuming and costly. In considering methods
to reduce test time and cost without impairing test
effectiveness, a more realistic simulation method
was proposed; it would implement the rundom
vibration aspects of the real environment, concen-
trate the test spectrum in the frequency range that
was deomed to be most injnrious to the nnit being
tested, und, most important, it would shorten the
test time, Test criteria were tu be established
theoretically and verified experimentally, Damage
equivalency was to be determined by a comparigon
obthe results obtained on M732 safety and arming
(S&A) units tested by the TV procedure with
results on similar units tested by the proposed

random TV (RTV) test. It was also proposed that,
at a later date, the procudure would be refined by
evaluaticn of field-recorded TV data and that teat
criteria would be updated on both the RTV spec-
trum and the required test time duration,

Adiscussion of background theory, procedures,
instrumentation, test data, and analysis of test
results follows.

2. PROGRAM PLAN

Although no investigation was made for this
report as to how the swept sinusoidal MIL-STD test
was designed or originally formulated, its con-
tinued use suggests that it has served its purpose in
providing reliable ordnance units, despite the
drawbacks previously mentioned.

Even though the standard test's relevancy to the
“real world” TV environment is unknown, the
initial step in establishing the validity of the
proposed RTV test method was the intention of
showing the equivalence of the two test methods in
terms of their damage potential to ordnance ma-
teriel. The item selected for this purpose was the
S&A unit from the M732 fuze - u device designed,
engineered, and brought into production by
Hurry Diamond Laboratories (HDL) engineers,

The “equivalency” concept was quite simple:
sumple units were run using the standard TV teat
criteria as controls, then other units were subjected
to random TV testing for comparison and evalua-
tion, A basic criterion (evaluation parameter) was
to be the number of turns required to arm the S& A
unit, a standard acceptance measure, This test was
run on all units before and after the TV tests,
Additional quantitative data on “damage” were to
be obtained by visual inspection and sophisticated
dimensionsl measurements, as well as by chemical
cleaning, analysis, and weighing of post-test par-
ticulate matter within the S&A units,

Establishing the criteria for the RTV test was
another phase of the program plan. The initial
spectral content of the RTV was to have a constant
average amplitude and cover the 5- to 500-He
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band, the same range as the TV test. Test duration
per axis was predicated on causing the same
number of reversible cycles (~p) in the rundom
test ag exists in the standard TV test specifications.

¢ An equivelant number of ~g was determined

mathematically and verified by an analysis of RTV
tests spectra, The drive level for RTV was to be
determined experimentully by tests at various g
amplitudes and by an analysis of damage sustained
by the S&A units.

Additional research investigated the underlying
fundamentals of damage criteria, bothinthe design
of TV tests and the very specific, individual
construction of ordnance materiel, This phase was
pursued by way of several approaches. The basic
method involved sinusoidal vibration of the S&A
unit and transducer response measurements of the
S&A cover plate to detect vibration modes and
sub-bands of maximum displacement activity,
This test also used an isolated (phiysically decoupled)
microphone to record corresponding acoustic data.
Finally, these data records were computer an-
alyzed to yield power spectral deusity as a function
of input drive signal frequency. Analyses of these
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data will provide the ground work for subsequent
definition of RTV test procedures, based on addi-
tional testing (proposed as a continued effort).

3. M732 S&A MODULE
3.1 Selection of Test Unit

The S&A module for the M732 fuze, designed
and engineered at HDL, was selected as the test
unit for evaluation of comparative damage effects
sustained as o result of either the standardized TV
test or the proposed RTV test. This choice was
dictated by the expertise available at HDL for
consultation and analysis of test data results and
by the pertinent feedback loop that would make
relevant test data readily available to the S&A
designers,

The specification control drawing for the S&A
module, part number (PN) 11716741 is shown in

figure 1. Figure 2 is a cutaway view of the M732
fuze, showing the S&A module.
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Figure 1. Specification control drawing for S&A module, PN11716741.
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One hundred of the S&A modules, PN11716741,
serial numbers F-1 through F-100 were obtained
for this program. These modules were standard
lubricated units taken from production lot
WTX-2-2, manufactured by the General Time Co.

3.2 S&A Module Arining Specifications

Upon receipt by HDL, all modules had their
detonators removed and replaced by a dummy
detonator. Units were then run on a spinner
(manufactured by Delaware Valley Armament,
Inc.), that complied withthe PN11716741 Specifi-
cation Control Drawings (SCD). The following

information is from paragraph number 4.5.2.1. (in
part).

“Spin Equipment, The equipment used
for the arming tests shall be designed to
position the rotor of the module in the fully
out-of-line position automatically and shall
provide positive indication when the rotor is
released, This position indication shall serve
as the starting signal for determining the
number of turne-to-arm (TTA) ....”

SCD acceptance criteria specify that units are to
arm between 25 and 38 turns as follows, from
paragraph 3.3.1.1 of the SCD's,

“Arming, With the setback lock in the
armed position, the rotor in the S& A module
shall fully arm within the limits of 25 to 38

revolutions of theS& A module when spun at
2500 rpm...."”

TTA was a critical test measurement since it was

control reference that served as a baseline criteria

for assessing the effect of subsequent tests per-
formed on sample units,

4. PROPOSED TEST METHOD

4.1 Equivalency Criteria/Determination
Random and sinusoidal vibrations are funda-

mentally quite different, both in their mathe-
matical formulation and in their engineering impli-

10

cations, In testing, dynamic vibratory excitation
can be imparted to a test apecimen with either type
of drive, although swept frequency sinusoidal
testing has been more prevalent.

Random vibration usually exhibits a normal
(Gaussian) distribution around a mean value, with
a specific standard deviation associated with its
distribution, This statiatical property ensures that
random vibrations are noudeterministic — namely,
that the instantaneous magnitude of the vibrations
cannot be determined in advance. A swepl sinu-
soidal excitation, by contrast, is deterministic,
since it results from the synthesis of single-valued
amplitude/frequency components with discrete
frequency-time relations defined by the prescribed
teat spectrum and sweep rate.

Although mathematical approximations and
models may be used to relate sinusoidal and RTV
test procedures and test results, a realistie, practi-
cal assessment of the two test methods must be
made by an evaiuation of wear and tear on test
items. That is, the true equivalence between the
two drive methods can only be assessed with
respect to the actual, intrinsic damage potential of
each method. The amount of vibratory wear damage
and the criteria for establishing a reduced RTV test
time are postulated to be dependent on the total
number of ~y accumulated during the standard
swept sinusoidal TV test. If an average ~g per unit
time, of given magnitude, cun be established for the
specified random vibrations, then the estimated
new test time would be equal to the standard TV
total number of ~ divided by the corresponding
time averaged random ~g , Fine adjustment to this
estimated test time could then subsequently be
made on the basis of actual damage assessment on
sample test units,

A description of the MIL-STD 331, Method
119, Procedure II TV test is given in section 4.2,
together with a determination of the total number
of ~g for this method in 4.3. This is followed by
experimentally and theoretically determined
values for ~p in RTV testing in sections 4.5 and
4.6, respectively. Results indicate that the 4-hour
TV test time can be reduced to a 1.6-hour RTV test
equivalent.
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t:
-4 Procedure II TV Test
L logf; = log A + mt; . (1b)

The standard TV test, according to MIL-STD
331, Method 119, Procedure 11, invokes a sinu-
soidal sweep between 5 and 500 Hz at a rate of 1
cycle (5—+500—5 Hz) per hour (fig. 3) over a
period of 2 hours per axis for a total duration of 6

The boundary cunditions are

o g T R

' hours. Amplitude-frequency characteristics are = -
shown in figure 4. It should be noted that ampli- i=5H , f = 500 Ha
oo tude criteria are specified as a displacement be- 4
% tween 5 and 11 Hz and 37 and 52 Hz and as an
'i@ acceleration elsewhere, t, =O0hr , g = 0.5 hr
E
{ 4.3 Total Number of ~gin Standard Test  Hence,
i '
The total number of ~g accumulated per sweep log(f,/A) = m; =0 |,
T cycle for each of three mutually independent axes
¥ of the S&A module is established as follows (for f,/A =1 |
: simplicity, all frequency components were con-
/ sidered to be of equal magnitude, i.e., 5 g.). A=5Hz
600
§ 100
g
&
? 10
: ' ) A ) 1 1
i 0 10 20 30 40 50 60
Y - Time (min)
. Figure 3. MIL-STD 331, Method 119, transportation vibration sinusoidal sweep cyele,
'.,‘-A
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And

T

¢ N = f(t)dt

] log(fy/A) = m, j; §

’ =1, [ T10™a . )

log((/A) = log — o = 2 oJ. o ? 3
8 = (O ——————— = , )
1 0Bz E3 To evaluate this integral, let y = 10™, Then %
my = 2 , m = 2/0.5 , Iny = mtlnl0 |,
andm = 4 b y = e 1n100 = 10m, and @ " -
:..(4‘ ' r“
} Substituting f,= f, and f; = f in equations y = e | 4 \\;
j (1a) and (1b), then subtracting equation (1a) from i
equation (1b), the following is obtained. wherea = m 1ln 10 . N
, log( {/f,) = mt Substituting for 10" into the above integral (eq 3) ;::.,
} yields : .
! and &
N o= f, [Teott :
: () = f, 10™ Ha @) * y X
, Equaticn (2) establishes the instantaneous value of , ;
3 - the test frequency anywhere in the one-half sweep SN R '
] cycle (0 <t < 30 min); outside this time band, °f at \a b
: mirror images of this relationship exist as shown in i
1 figure 3. £ E
q = -2 (et = 1) (5) g
1 Let an incremental number of cycles accumu- a 9
4 luted during the sinusoidal sweep test equal dN; £(t) 2
: denotes a time-dependent frequency component  Substituting back for a in the exponential term, !,
g. and dt denotes incremental time. Thus, quantity N is given by / ‘
_& 5k - - E
3 Y, I
4+ Y

E .g Y

1 -

;:;‘. K ;@

3 g 3 o Q

: 26+ Y 5

1 2 & i i

QY y i
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I L ] (¢ 1

0 20 40 60 vl 600

Frequency {Hz)

\‘ Figure 4. MIL-STD 331, Method 119, transportation vibration sinuscidal sweep spectrum.
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N=-—nio

(1™ - 1) . (6)

For MIL-STD 331, Method 119, Procedure II,
t = 0.5hr,f, = 5Hz,and m = 4 hr1, Substi-
tuting into equation (6) for N yields

5(~ /g) X 3600(s/hr)
4(1/hr) X1n 10

N =

[104(1/}"‘) (1/2 hr) _1]
N = 193,478~R /half-cycle sweep.

Since the sweep rate is 1 cycle/hr and the total
trst time that will be used for damage assesament is
4 hr/axis,* the total number of reversible cycles
per test axis (x, y, and z) is equal to N7,

~R
half-sweep cycle

Ny == 193,478

2 half-sweep cycles

hr
4 hr
test-gxis
N'I‘M = 1,547,830
N7 »1.55 X 10¢ entoaxis

A computer program was written to establish
the numerical values of parameters f, N, and Np,,
as functions of test frequency and time. The
program, a tabular listing presented in Appendix
A, shows the instantaneous numerical value of
each of the parameters over 1-minute intervals
within the 240-minute range and graphical plots of
the sweep function and N 1, .

“The mare rigorous criterion for develapmens teating calls for # hours oftesting
per axis (MIL-STD 334, Method 11V, Procedure l); Production testing per
Procedire Ul calls for 2 hra/uxis; N v+ 775,000 reversible cyven/ivst-asis for
Procedure I, and 1,530,000~ g/test-uxis for Procedure |

4.4 Reversible Cycles in RTV Testing

To determine the equivalent test time for the
proposed RTV test, a statistical cycle-reversal
frequency aboui a specified mean or rms level of
excitation hud 1o be established. This was achieved
in two independent ways — through evaluation
of test data and by theoretical considerations,

4.5 Experimentally Determined~p

The electrodynamic shaker was excited contin-
uously for 4 total of 30 minutes by a flat random
vibration spectrum (5 to 500 Hz) of magnitude
0.18 g%/Hz (9.43 g rms). The shaker excitation
was recorded on magnetic tape and then repro-
duced on high-resolution chart paper played buck
at 80 in./s. Time spans of 0.1 s were selected from
cach one of the leminute vibration data records.
The selected increments were then visually
scanned and the number of ~y larger than 10
percent of the positive and negative peak tost
amplitude (£3 estimated standard deviations)
were counted. (This is equivalent to counting only
positive slope signals exceeding the +10 percent
threshold value,) For convenience, the mean value
of the signul was considered as zero reference and
the 0.1-s incrementy selected were chosen to ex-
pedite the evaluation process. A typical record iy
shown in figure 5. Results are shown in table 1.

The mean number of reversals in 0.1 8, [ is equal
to

i,b+ N 29
X fi=1/30 X f{;=775/30,

i=iy i=o0
and

f= 25.8 reversals/0.1 s .

Since the frequency components are assumed to be
randomly distributed, the standard deviation of
the frequency data follows the normal distribution
curve; i.e.,
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o 2 1 N-1 ~k by the average rate (frequency) of cycle re- ' l'\
. = £ -2 . versals, Thus,
" N-1 jm=op
, N7 1,548,000 ~R 1
. T=—ro = — ; =1-2/3h :
| . P20 ~m X 3600 whe 23 L
o = o5 (1722) =615 , ’ ;
i d
and o = 248 . «
_ 4.6 Equivalent Test Time — ‘
Hence, the 3-sigma band around f is Mathematically Determined
i )
The total number of exprected erossings of u -
, fmay = [ + 30y = 332 specified amplitude level (T,) can be obtained from . :
: y the formulu which defines the ularm (false signal) ‘ ~
¢ i fmean = f = 258 rate in terms of threshold crossing, That is, i b
3 ; '
3 ' fmin = [ — 30y = 183 T,* ; “
q ! - P 1 W"(O) 12 - 2W ! :
3 i Using [ peqn equal to 25.8 and extrapolating the Fi(Ty) = 27| Wa(o) ¢ (o) ) '
) ' results to one second of data, this value becomes :
2 ; 25.8 where {
F= oL 258 A Fy = number of signals exceeding the thresh-
old vulue in cyeles/s, o
Hence an equivalent random vibration test time, ‘T, 1
is obtained by dividing the number of accumulated T, = arbitrury reference threshold level, §
3
+lofpmmmm e m e ] O 4
E 'y
PR 2B v /e | 1 -
E _mwv-- i S hiey W=

F 0.0976 e

Figure 5. Reproduction of tape record taken at 80 in./s paper upeed. (shown above is representative
sample from O0.1-s raw data slice). Amplitude is shaker response to broadband rundom
vibration drive (bandwidth 3 — 3500 He). Reversal cyclen (see text) for 0.1 » = 244 crousings/s
=~ 240,
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TABLE 1. NUMBER OF REVERSIBLE CYCLES IN 0.

TR R A o

VIBRATION SHAKER TEST

VAN BRI ML L it e T T T e B e N B

1-8 SPANS FOR A 30-MIN RANDOM

s AN e g e

Count

{;

Test time
(min)

~ R 2 10% pesk amplitude

per 0.1-s interval

T

&)

SN h s ~O

—
-

12
13

15
16
17
18

20
21
22
23
24
25
26
27
28
29

N = 3 = 30

T -IONG D

26
24
82
27
24
25
24
25
25
24
27
27
30
26
27
27
21
26
27
23
27
25
27
26
81
23
21
26
26
26
29
NG =775

i =0

0.20001
~1.8
6.2
1.2
~1.8
—~0.799999
~1.8
=-0.799999
=0.799999
~1.8
1.2
1.2
4.2
0.200001
1.2
12
~4.8
0.200001
1.2
~28
1.2
~0.799999
1.2
0.20000
5.2
~2.8
~4.8
0.200001
0.200001
0.200001

0.0400003
3.24
38.44
1.44
3.24
0.639499
3.24
0.659999
0.639999
3.24
1.44
1.44
17.64
0.0400008
1.44
1.44
28.04
0.0400003
1.44
7.84
1.44
0.639994
1.44
0.0400008
27.04
7.84
23.04
0.0400003
' 0.0400003
0.0400003
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W, = constant level of autocurrelation function,

W(o) = second derivative of the autocorrelation
function evaluated at zero,

W(0) = autocorrelation function evaluated at zero,
f = test frequency — Hz, and
fm = maximum test frequency — Hz
For convenience in the computations, let
T, = 0, and let the power spectral density of the

random vibration be band-limited white noise be-
tween 5 and 500 Hz. Evaluating the parameters,

V(o) = — 4n° j; £ Wo(df .
Since Wy(f) is a constant for limited white band
noise,

Vo) = = 4n7W, [/m r2df =

4
- _3' T af,: W¢ .

'The correlation function is related to the power
density spectrum by the Wiener-Khinchin
theorem,

Wal®) = J, Wa () cos 2nfrdf ,

W, sin2mfpt

- f"‘ -
Wa(t) = W, L cos 2nfedf Py

con (2mfy,7)27f,
2

Let D[Wy(0)] = lim

and in the limit as t—o
Wa(o) = Wi

Substituting back into the autocorrelation equa-
tions in the main expression,

1 [4ntd w1
Fie, =0 = 2| 3 W,

) Sy

3

Since f,, = 500 Hz .
Fl(’l‘l =) = 289 Hz

Hence, the crossing frequency above reference
level T, = 0, whether viewed from either the
positive or negative directiona, is equal to 288 Ha.
This compares fortuitously well with the test-
established results, which yielded a value of 258
Hz. These results lend further credence for the
proposed test time, as specified in section 4.1.

5. TEST PROCEDURE

The basic experimental TV environment test
consisted of running either the MIL-STD 331,
Method 119, Procedure I, TV test, or the RTV test
(at one of four g levels). A breakdown of the tests
run on specific modules is shown in table 2, A total
of 15 units were exposed to the TV test (baseline,
sinusoidal, groups 1 and 2); this consisted of 4
hours of testing along each of three mutually
perpendicular axes (a total of 12 hours). A curve of
amplitude (acceleration) versus sinusoidal sweep
range of 5 to 500 Hz is shown in figure 4; a plot of
test frequency versus time is shown in figure 3.
Four groups (numbers 3 through 6) of three units
each were subjected to the RTV (also 5 to 500 Hz)
for 20 minutes along each of three mutually
perpendicular axes (1 hour total), at constant
average acceleration levels of 5, 10, 15, and 20 g
rms,

These tests were run to evaluate the effect of the
specific vibratory environments in terms of damage
(wear, abrasion, and distortion) of module parts,
end operational characteristics (TTA). The im-
mediate vbjective was determination of an equiv-
alency between TV tests and RTV tests; the g
parameter was introduced into the RTV tests to
produce & test-time duration factor, on the assump-
tion that the product of vibratory amplitude,

PN P
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reciprocel test time, and a proportionality param-
eter would approximate a constant value,

TTA teats were run on each sample subsequent

to vibratory testing, Units were then disassembled

and observed visually for obvious signs of abra-
sion, scuffing, and distortion of parts or holes, In
addition, particular attention was addressed to the
amount of lubricating oil that was present, its
coloration, consistency, and the apparent presence
and amount of metal particles. At best, such
determinations were qualitative and only of rela-
tive value. However, these observations led to
subsequent development of a chemical/mechanical
metal separation process, capable of providing a
quantitative determination of the weight of large
and fine particles (“fines”). Subsequent to this
analysis, components were viewed with a micro-
scope (50 X and 100 X) to obtain a quantitative
measure of dimensional changes.

5.1 Baseline Testing Criteria

Any RTV test method that would be acceptable
initially as a replacement for the standard TV teat
would have to demonstrate damage that would be
similar (equivalent) to results established during
lease-line (standard testing). Baseline testing was
therefore used to establish mechanical damage
criteria and parameters against which all samples
from subsequent tests would be compared for
damage evaluation. Damage criteria were evalu-
ated as described in the following paragraphs.

5.1.1 S&A Turns-To-Arm

The M732 S&A module functional arming time
(TTA) was to be determined using the 2500-rpm
spinner; test samples were subjected to fuctional
arming-time tests before and after a given vibration

TABLE 2. IDENTIFICATION OF S&A:MODULES IN BASELINE AND RANDOM TRANSPORTA-

TION VIBRATION TESTS .
Total
Group S&A module serial no, Test spectrum tel(tht:;n ©
1 F-1 through F-8 MIL-STD-331, Method 119, Procedure 1 12
2 F-9 through F-16 Same us above 12
3 F.18 Random vibration
F-10 5 g rms, 0.0505 g* /Hz, § to 500 Ha, 1
F-20 20 min/uxis
4 F-21 Random vibration
F-22 10 g rms, 0.202 g* /He, 1
F.238 20 min/uxis
5 F-26 Random vibration
F.27 15 g rms, 0.4545 g* /Hs, 5 to 500 Haz, 1
F-30 20 min/axis
6 F-17 Random vibration
F.28 20 g rma, 0,80 g'/Hz, 5 to 500 Hz, 1
F-29 20 min/uxis
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test. Any degradation in arming time, manifested
in the form of delayed function, would be indica-
tive of damage sustained during the test, Thistest is
significant because it provides quantitative data.

5.1.2 Inspection Measurements

Post-test disassembly of the S&A module
allows detailed inspection and examination of all
internal components 8o as to determine the loca-
tion, type, and extent of the wear damage sustained
or accumulated, Damage might include evidence of
wear marks, indentation or fretting marks, buildup
of metal debris and powder, metal cracking, or
evident or incipient structural deformations. These
examination techniques were to be further sup-
ported by un x-ray survey, by microscope inapuce
tion and dimensional check, and by profile ma-
chine measurements capuble of measuring holes,
pivots, and gear out-ofsroundness to 0.00001-in,
accuracy. The x-ray survey (not performed) was
intended to assess subsurface damage or incipient
crucking. The microscopic magnification of the
small internal components by v fuctor of 50 or 100
facilitates the eatablishment of mechanical wear
trends on complex configuration surfuces which
are in intimate contact and constantly rub sgainst
ench other; i.e., pivots and holes, meshing gours
(pinion gear und rotor ussembly), detent rotor and
pivot, support plates, ete. A detailed drawing
shows component composition of the S&A module
(fig. 1). A cutaway drawing (fig, 2) shows the
position of the S&A module within the fuze.
Precision dimensional measurements are made in
the HDL Mechanical Inspection Facility, The
fucility’s equipment und capabilities ure described
in appendix B,

5.1.3 Chemical Analysis

To further quantify the baseline wear damage,
the total metal powder debris was to be separated
or extracted from the S&A module at the con-
clusion of the vibration test. Although internal
components are conatrained by the top and bottom
plates (fig. 1), they are free (o move somewhat
during the test and to impuct against each other and
against the retaining plates {multiple collisions per
cycle are quite likely). The impacts, friction, and

18

rubbing effects involving components made out of
aluminum, zine, and hardened steel alloys produce
metal debris that is picked up by the nearby
assembly lubricants or is teapped by constrictions,
indentations, cutouts, stc., of the module case.
Although light in weight, (i.e., a few milligrams) the
quantification of metal debris determined by in-
volved chemical/mechanical techniques yields
numerical results that are helpful in characterizing
the accumulated wear damage, Because of funding
constraints, qualitative analysis to determine my-
terial composition of the metal debris was not
performed,

5.2 Computer-Controlled Shaker System

HDL’s environmental test laboratory features o
modern, up-to-date, computer-controlled electro-
dynamic shaker systom that was used for these
vibration tests, The equipment und software also
cenable design of a variety of complex, service-
experienced environments to be synthesized offi-
ciently and reliably, The computer control unit is
shown In figure 6.

5.2.1 System Description

A simplified block diagram of the systom {u given
in figure 7 (p 20), Use of digital minicomputers hus
cnubled close coupling of sophisticated vontrol
drive techniques to dynamic (reul-time) testing
response, For the drives used in these tests (swept
sinusvidal and random), control and monitoring of
the shaker is relutively straightforward, A more
complete description of the HDL, system used for
Transient Waveform Control testing wus pub-
lished in the 4th quarter, 1978 issue of the U.S,
Army MunTech Journal,

5.2.2 System Operation

All test requirements are programmed on u
coded test tape. The tape is obtained ut the
completion of a question and answer routine
during which the operator is cued for test informa-
tion by the test system controller. The coded tape,
together with the transducer output data, provides
a permanent record of the prescribed drive signal,
Atthe completion of the test, the system prints out,

T TP W
T IR R SRR & S IR

EPTRS 7

T T S A bl a0 P

. Mg

At
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Figure 6, H

on command, complete alphanumeric documenta-
tion of all test parameters as executed,

5.3 Transducers

Although the S&A module is vibrated over the
5- to 500-Hz range when subjected to th: MIL-
STD test, most of rhie wear damage probably
occurs within narrow frequency subsbands where
the most severe component-to-case and component-
to-component collisions and fretting oceur, The
parts that make up the S&A module iteelf could not
be instrumented directly because of limited spuce
und small component size, Thus, external sengors

These included an accelerometer and strain gage
installed on the top (forward-fucing) mounting
plate of the S&A module and an acoustic trans-
ducer located at the inlet to the mounting sleeve,
which simulated fuze housing and installation
conditions. The sensors and their mounting
method were selected 8o as to have a negligible
effect on the dynamic response of the parameter
being meusured.

The purpose of this test was to measure the
magnitude of vibration frequency activity as a
function of the input test frequency and to establish
from these duta the frequency sub-bands for which

(macroscopin phenomena detectors) were used, ~vibratioh activity was dominant. Three types of

L h"l‘v} et

“
i vy
k

-

DL Computer Control for Vlbuo Shock Test System. (1) Digltal minicomputer
controller, (2) Minicomputer to generate vibration/shock transients, (3) X-Y plotter

(smplifier vernun frequency), (4) Display scope, (5) Precision gain amplifiers, (6) Paper-wuspe
reader, (7) Toletypewriter Terminal, and (8) Paper-tape reader/punch.
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sensors (acceleration, strain, acoustical) were used
to provide separate and independent observations
of test parameters; the multiple sensors also pro-
vided backup measurements in the event of loss or
insensitivity of any one sensor’s test data,

Test Sensors — Description and Use

A triaxial accelerometer, strain gages, and a
unidirectional microphons were used to collect

data for the tests described above, The position,
orientation, and identification of each sensor dur-
ing the test are presented. Also included = as
appendix C — are the specifications for the ac-
celerometer and for the strain gage,

Triaxial Micro-Miniature Accelerometer. —
The sensor equipment industry wus surveyed
extensively to find a suituble miniature triaxial
senaor for the specified applications, The device
selected (Endeveo Model 23) (appendix C<1) was

D701/0710 (Return Sigral Conditioring)

NI s (Figld Dt Inpat)
Teat Spacimen Acceleromater Souwe
Line D736
Driver ILPR
Vibration Arah B POP.A 1120 ‘{_Aiﬂ
Shaker A""m:" Compulet Telatyer
AFFT Controller
Pmu;g; e
Papet-Taps
Reader
Intertace DiA | D730
Device
Y ‘ ‘ Acosieration
D06
DI lay
D738 L
LPF) Frequency

Forwmd
Signal Conditioning

Figure 7, Harry Diamond Laboratories vibration/shock computer-controlled test system.
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used as the primary indicator of vibration activity,
providing simultaneous three-dimensional data as
a function of the applied unidirectional input
frequency/amplitude spectrum. The sensor's high-
frequency sensitivity (frequency response, 10,000
Hz) enabled collection of reliable high-frequency
vibration data, indicative of the high rate of com-
ponent impacts. The tranaducer’s low weight
(140 mg) made it ideal for this application, where it
is necessary to have minimum loading on the
specimen being monitored, The sensor was initial-
; ly mounted with special epoxy on the top cover
plate of the first S& A module, After three tests were
completed in rn one, the accelerometer was re-
moved from unit F=25, displaced 90 deg, and then
epoxied back onto the cover plate. No tests were
made on unit number F-24, The mounting position
of the tranaducer is shown in figures 8 through 10,
) Figure 11 is a block circuit diagram indicating
. equipment setup and use,

i Strain Gages (Entran Devices Model ESU-
205-500). — Euch of the two S&A modules were
permanently instrumented with temperature-
compensating (solid-state) strain-gage devices of
o the bridge type. The strain gages were placed in the
- radial and tangential directions with respect to the
- center of the S& A top cover plate (fig. 810 11), (No
I axial strain monitoring was possible,) The strain
O gages were used to (1) confirm and correlato
‘ vibration activity independent of the ucceleration
tranaducer, (2) demonstrate that ths dynamic
behavior of the S&A's top cover plate had not been
altered substantially us a result of the installation of

Y
4

—

"R Strain gage.

g S8A F.24

the micro-miniature transducer, and (3) serve as a
backup senaor for the primary measurement
(acceleration transducer). A major advantage of
these extremely low weight solid-state strain gages
is their negligible contribution to the observed
values of the dynamie data, The block diagram (fig.
12) shows the strain gage circuit and its associated
equipment.

High-Accuracy Unidirectional Microphune
(Gen Rad Model 1560-P42). — This acoustical
sensor was selected as another backup and valida.
tion measurement for the previously described
sensors. One major difference in its application
from the others is that it involved no physical
contact with the teat specimen, thereby providing
absolute dynamic isolation. It was installed in a
fuge sleeve 1/4-in, above the top cover plate of the
S&A module (fig. 13(a)). Precautions were taken
and measurements were made to ensure that its
mounting within the open-ended port of the sleeve

. produced no significant standing waves, Effective

use of this sensor required suppression of back-
ground noise (by at least 20 dB). This attenuation
wus poseible with HDL's small (50 Ibf) calibration
shaker, but the condition was not ime! when the
heavy-duty shakers were used during the buseline
test on the instrumented modules. For the latter
case, the background noise severely masked the
acoustio test data, and those meusurements could
not be used, Figure 13(b) shows the S&A com:
partment filled with duxseal, an aooustically inert
matorial that was used 1o determine a reference
noise level for the system,

“V
Strain gage

Aca #
S8A F.25

Figure 8. M732 fune housing: S&A modulen with trisuxial accelerometer and strain gage affixed,
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S&A Module

Position A Position &
i (u) Accelerometer & straln gage (8G) mounting positions, .':
3 [
- j
4 |
. '%
r!:' ' X ‘i
| I 4
; z )
; ; )
! Shaker !
h _ Motion i
2 Test 1 Test 2 Test 3 ,
(o N "
= i o
o ' {b) Mounting positions of S&A module jor run numbes 1. '
i \,
X i
2 ' {
Shaker Ty
Motion : '
Tast 1 Tost 2 Test 3 !
\l“;
{c) Mounting positions of 8&A module for run number 2,
Figure 9. Mounting positions of accelerometer and strain gage on top plate of S&A modules; also, _
movating positions of S&A module on shaker test fixture for transportation vibration test )
rune. .
22 P
P
;




"1
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i
I .
g’ 'ib
::
A v.
it i
;l‘jf " l’
i !
i |
s ;
o (b) Fromtview of test equipment; shock amplifiers
i are to right of shaker, ;
(») Goulid chart recorder (foreground); shaker iv ;
3 seon at vight center. '
u
(c) Overhead view of S&A in fuse sleeve; also
shown are fixture and shaker.
Figure 10. Test setups for MII-STD 331 transporiution vibration tests,
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5.4 Sinusoidal (Baseline) Measurements gt:;ln %',“' K g:: n .
ridge Lireu . ,e
Sinusoidal vibration measurements were made on ’ : k.
3 one fully instrumented S&A module (S/N F-24), X
Y. ' to establish the frequency sub-bands within the 76 VDC &
i ' 5- to 500-Hz runge for which the vibration activity E
s is dominant, Each sensor — including its test ' -
k- channel and the aralog/FM tape and chdrt- Output 1/2Bridge ||  Power . 5.
: : recorder system — was calibrated before and Cirouit Supply ; 3
g after each test, ‘ h
/" 5.4.1 Data Records ‘o ?
B : . 4 y
(N This section describes the tests, measurement , ‘\i
S procedures, data tape identification, and equip- Kelthiey ; M
¥ 1 ment sensitivity for a transportation vibration test Amplifier ) v
b ; sequence, g ¥
571»;‘ .‘ Acasl ?
- : on b} v
{f;' , S&A 1 ‘
, r VA ;: Y
in. ' i
j i g
! M
) S Endevco Endevco Endeveo Galv, Ampllfer L
£ Shock Amplifier|  [Shock Ampiifier]  [Shock Amplifier T Gould !:Il.amﬂc ?
a4 Rmd” !
b 573 T 76676 cec Recorder .
i Recorder .
- Figure 12, S&A device testj strain guge civeuit.. -
Kelthley Keithiey .
i Isolation Isolation Test Description, ~- A typical vibration test
Amplitier Amplifier cycle consists of the following sinusoidal (input)
-y W\ 16768 sweep envelope (fig. 4).
: Amplitude Frequency
b
- 0.4 in., p-p 5to 11 .
9 2.5 g, O-p 11 to 37 : N
4 Y 1 0.036 in., p-p 37 to 52 |
g 5.0 g, O-p 52 to 500 t
Galv. Amplitier :
i T] Gould Magnatio
B Recorder Taps The standard TV test cycle takes 1 hour; for this
k- CEC Recarder baseline test, a test consisted of one halfscycle,
L Reoordw having a 30-minute duration. Each unit was run

three times with the fuze (S&A) orientation aligned
once in each of three mutually perpendicular
directions (fig. 9), for a total run time of 90

. Figure 11, S&A device tesy; tri-axial accelero-
| meler circuit,
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Figure 13. Acoustical test setup showing microphone mounting,

minutes. The transducer position wus then re-
located by shifting 90 deg and repeating s second
run of 90 minutes as before.

Measurement Description. — Six meusure-
ments plus one IRIG-B time code were recorded
for each test, Total records required three data
tapes with two tests recorded on each tape. Tape
channel identification is as follows in table 3,

TABLE 3. TAPE CHANNEL IDENTIFICATION

Measurement I Channel Number

X 6
Triaxial
accelerometer Y 5
Z 4
Strain gage 7
Control accelerometer
(input) 3
Control frequency (input) 2
IRIG-B 1

Voice edge track

Data Tape Identification, — Three 1-in.,/FM
analog data tapes were recorded al a speed of 7.5
in./s. Each channel was calibrated at the beginning
of each tape; in some cases, pre- or post-test
calibration was also performed. Tape 1 contains
data for trunsducer position 1, runs 1 and 2; tape 2
contains data for position 1, run 3, and transducer
position 2, run !; tape 3 contains data for position
2, runs 2 and 3.

Equipment Sensitivity, — The equipment
sensitivity is noted as follows,

X axis 13.3 mV/gy
Y axis 13.7 mV/gy,
Z axis 14.6 mV/gy
8G 1.9757 mV/ ustrain
Control acceleration 10.0 mV/g,,
Control frequency 2 mV/Hz

5.4.2 Data Reduction

Data reduction involved spectral analysis of
four measurements (X, Y, Z, & SG, table 3) for
each of the six tests (fig. 9) us follows,

(u) An amplitude plot (voltage or strain for SG;
g for weceleration) vers  frequency in the 5- to
Y regions where the

500-Hz range to ascex

A
B

s

Nt




response amplitude and mechanical collisions are
most intense.

(b) Spectral analysis for the axial (input) direc-
tion to include relative response amplitude and
relative frequency plote versus input frequency;
this is accomplished by extracting the content of
the input control acceleration and frequency signal
from the uxial response measurement and plotting
the results against input {requency.

(c) Power spectral density (PSD) analysis
vielding g?/Hz versus input frequency (in Hz) for
all response and control measurements (excluding
input frequency) for all tests,

This analysis was perforried with commercially
available special-purpose computur codes.

5.5 Spectral Analysis

5.5.1 Description and Method of Analysis

Spectral analysis of time-domain test data
(described in sect. 5.4) consists of data transfor-
mation from the time domain to the frequency
domuin to yield response amplitude versus excita-
tion frequency information. This is normally
accomplished by special-purpose computer codes
programmed to handle digitized data blocks
(frames) of finite length (typically 1024 words/block),
the sum of which represents the complete analog
record (test data) under evaluation, Spectral
analysis thus provides a si 1plified means of
evaluating the composition of complex/random
test'data by trunsformation into a meaningful x-y
tepresentation of magnitude versus frequency.
Spectral analysis was applied to this task to
identify the frequency sub-bands, or spectral
sunge, for which mechanical wear damage, as
reflected by large respunse amplitudes, was most
pronounced. Two types of spectral analysis were
used: a PSD analysis and a response amplitude
analysis, The PSD was computed as follows,

rers iy
(l*P'l[x(AAfl.l‘)]) (¢ /Hz)

PSD{X(D] =
where

x(AT.F) = 1024 point data block
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AT = data time increment,

F

excitation frequency,

Af = data resolution bandwidth with

At = 8 Hg,
f = response frequency,

FFT = Fast Fourier transform algorithm,
and

X = Fourier representation of x.

The response amplitude g(F; ) was computed
from the accelerometer and strain-gage PSD
records (F;, AT;) as follows, where AT; is a 2-s
increment within the total 30-min data record, F; is
the corresponding drive frequency at the start of
the increment, and AF = 495 Hz.

gF;) = [AF + PSD(F; ,AT;)] rms .

Equivalently, g(F;), the amplitude at the itk drive
frequency, is equai to the square root of the area
under the PSD curve for that particular time
increment.

5.5.2 Analysis Parameters and Procedures

The spectral analysis parameters and pro-
cedures are described as follows,

(a) Sampling frequency: 8 kHz with anti-
aliasing filters set at 1 kHz.

(b) Analysis bandwidth: 5 to 500 Hz, occa-
sionally expanded to 1 kHz.

(¢) Dataframes (blocks): 2 slong; 1024-points,
taken over the entire length of the dats record (900
frames total),

N
i) 3 = z
(d) Average PSD(x) =, ' pspyy; ) '
N
N = 900

(¢) Engineering units: PSD — g*/Ha.
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(f) PSD display: g */Hz versus frequency (Hz).

(g) Response amplitude: The rms value of the
accelerometer or strain-gage measurements as func-
tions of the aweep frequency is obtained from the
previously derived PSD. Each of the 900 records is
stored in a separate data file; this bank is used to
construct the amplitude versus frequency curve.
The drive frequency was monitored by a channel
calibrated against a proportional dc reference
voltage. The PSD of each transducer channel
output was computed for each 2-s interval over the
5- to 500-Hz range and converted to g rms at the
specific frequency corresponding to the instan-
taneous test time, The derived response amplitude
thus represents a composite value of all PSD data
records at the specific excitation frequency.

(h) Engineering units: All response amplitude
versus frequency plots are presented in units of
acceleration versus frequency for the accelerometer
measurements (x,y,z, and control input*); the
response amplitude for the strain-gage measure-
ment is presented in terms of rms strain voltage
versus frequency.

6. TEST RESULTS
6.1 Transportation Vibration Test Log

S&A modules, serial numbers F-1 through F-
23 and F-26 through F-29, were subjected to either
the standard TV test or to random vibration
testing. This exposure history is presented in
table 4.

Groups 1 and 2 (units F-1 through F-8 and F-9
through F-16, respectively) were used as baseline
controls, Group 3 was used in the first RTV test to
ascertain preliminary damage equivalency and to
effect fine modifications (adjustments) to the test
procedure. Group 3 was run at 5 g, group 4at 10 g,
group 5 at 15 g, and group 6 at 20 g. The various g
levels were employed to determine the correlation
of g level and wear damage. The information was
also to be used to ascertain or trade off test

*The control input channsl data were not printed uiit for this unelysis,
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amplitude and test duration, since an increase in
amplitude intensity can be offset by a decrease in
test time (though not linearly) for similar damage
levels.

6.2 Visual Examination of Vibration-
Tested S&A Modules

Post-test examination and reports on the base-
line and random-vibration tested S&A modules
were made and prepared by HDL engineers associ-
ated with the development and production of this
fuze component. The test data on TTA are given in
table 4. The following paragraphs are from the
engineers’ observations and analysis.

6.2.1 Test Group 1 (Baseline TV Test)

The following paragraphs describe the TTA test
methode and the damage found when the units
were inspected after testing,

TTA Tests, — S&A modules (PN11716741)
of serial numbers k-1 through F-8 were tested
initially for TTA and (except for F-4) were sub-
jected to a MIL-STD-381 TV test, Method 119,
Procedure I (4 hr per axis at ambient temperature),
They were then retested for TTA with the results
shown in table 4. One of the units (F-6) was the
slowest of the seven to arm initially and barely ran
after the vibration test. No numerical value for
TTA was obtained for this unit on the rerun, If only
the six unite which ran both times are considered,
the average TTA increased from 28.8 to 29.9, with
only one of the six units running faster (0.5 turn)
afier vibration.

Visual Examination. = After the TTA was
determined, the units were disassembled and ex-
amined under a microscope for visually observable
darmage. The units that ran slower after vibration
displayed a more noticeable buildup of fretting
corrosion products around the pivot journals. It
consisted of a black-colored deposit, embedded
with aluminum particles. The deposit looked
“thick,” “dry,” and “crusty,” and some of it had
broken up and scattered throughout the unit. On
units F-1, -2, and -6, the deposit at the lower rotor
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TABLE 4. SPIN TESTS — M732 S&A MODULE (GENERAL TIME, INC./LOT WTX-2-2)

PN11716741
Unit TTA-B TTA-A
No. Group (before) (after) Change Remarks
Baseline Sinusoidal test
F-1 1 28.9 20.2 +0.3 Group 1 tested April 1976,
F-2 1 29.0 29.8 +0.8
F-3 1 295 29.0 -0.5 ,
F4 1 30,18 - - Not vibrated.
F-5 1 298 30.6 +0.8
F-6 1 31.4%high {b) )
F-7 1 26.4 (low) 28.2 +1.8
F-8 1 29.5 32.8 +3.3
Average — 28.8 29.9 +1.1
F-9 2 27.2 - - Group 2 tested June 1976,
F-10 2 30.8 (high) - - Remarks: TTA-A for unite of
F-11 2 278 >300 - this group having dush, tested
F-12 2 29.2 - - between 50 and 150 turns,
F13 2 26.3 - —
F-14 2 26.1 (low) 30-25 -
F:15 2 27.6 - -
F-16 2 28.8 . -
Average - 28.0 - —
Random TV test (5 g rms)
F-18 8 28,0 28.5 +0.5 Group 3 tested October 1976,
F-19 3 263 29.2 +29
F-20 3 29.1 29.8 +0.7
Average - 278 29.2 +1.4
Random TV test (10 g rma)
.21 4 26.3 26.6 +0.3 Group 4 tested Uctober 1976,
F-22 4 26.5 279 +1.4
F-23 4 3018 )
Average - 26.4 273 +0.8
F-24 - 26,5 - - Used for analysis of maximum
F-25 - 28.7 —_ — damage sub-bands within
standard TV test.
Random TV test (15 g rms)
F.26 5 26.3 344 +8.1 Group 5 tested October 1976.
F-27 5 28.1 30.2 +2.1
F-30 5 30.1 32.2 +2.1
Average - 28.2 323 +4.1
Random TV test (20 g rms)
F-28 6 320 (b) - Group 6 tested October 1976,
F-29 6 29.5 32.2 +2.7
F-17 6 275 34.4 +6.9
Average - 28.5 33.3 +4.8
SNeot included in average.
Ne vahie sbinined.
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pivot was “oily,” whereas it appeared almost dry
03 the other four units, Unit F-1 was especially
oily.

Considerable indentation was evident in the top
and bottom plates, attributed to impact of the pivot
shoulders on all four “dry unit” mobile assemblies.
There was also noticeable scarring of the underside
of the top plate caused by the spin locks, rotor
detent, and detonator. Observation of the vibration
damage was classified qualitatively as “heavy.”
The most wear occurred around the rotor pivots
and in the area where the detonator hits the top
plate, All pivots of the mobile assemblies exhibited
increased clearance due to vibration wear. In
addition, nothing was seen that would explain the
failure of unit F-6 to arm within specificaiion,

The units were reassembled and placed in
individual plastic bags. The top plates were
“snapped” back onto the studs, but they could
easily be pried off,

6.2.2 Test Group 2

The follgwing paragraphs describe the TTA test
methods and the damage found when the units
were inspected after testing.

TTA Tests. — S&A modules of serial num-
bers F-8 through F-16 were tested initially for TTA
and were then subjected to the TV test. They were
then retested for TTA, with results as follows. None
of the units ran within specification (25 to 38 turns)
after the vibration test. All the units armed even-
tually, but the TTA was not obtained since the
spinner stop signal did not stop the counter, A
rerun of the units for numerical values showed that
units armed in the region of 50 to 150 turns, except
for unit F-11, which took more than 300 turns and
unit F-14, which took between 30 and 35 turns.
Unit F-14 had been the fastest of the group of eight
units before vibration, with a TTA value of 26.1.
Post-test results as indicated by TTA differed
drastically from those obtained for the first group
of seven vibreted units, in which six of the saven
units armed within specifications after vibration
testing, slowing down by an average of only 1.1
turn. This was exceptionally perplexing since all
units came from the same lot, und the TV tes!
procedure was exactly the same as that performed
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on the Group 1 units. This problem is discussed in
more detail in section 7.2.1,

Visual Inspection. — After the TTA tests, the
units were disassembled and examined for vibra-
tion damage under a microscope. These units also
showed a severe buildup of the black-colored
fretting corrosion deposits embedded with alumi-
num particles, These depoaits appeared noticeably
heavier than those observed in units of the first
group. The deposits looked very dry == drier than
Test Group 1, In addition, most of the deposits
appeared to have broken away from the contact
interfaces, and they had scattered throughout the
units. Only unit F-10 gave the slightest visual
appeavance of oil in some of its deposits; moreover,
there seemed to be more deposits on this unit than
on the others. In general, the pivot shoulder,
journal damage to the plates, and wear of the gear
meshes looked about the same on these units as
they did on units of the first group. However,
deformation of the spin locks and the rotor detent,
scuffing of the rotor by the shutter, and scuffing of
the underside of the top plate by the detonator,
appeared to be more severe than that observed on
the units of Test Group 1.

Nothing specific was observed that would cause
unit F-14 to run appreciably faster than unit F-11,
However, the longer arming time for units of Test
Group 2 couid be attributed to the general lack of
visible oil lubricant and the larger amount of
freiting zorrosion products.

Mechanical Inspection. — The visual obser-
vations that were made on damage to post-fest
parts indicated those component locations and
dimensions (bearing surfaces, holes, etc.) that
should be measured physically to obtain quanti-
tative data. In the final analysis, 4 decision as to
“equivalency" in test methods will be hest satisfied
by precise dimensional comparative meesurements.

It was ussumed at first that the dimensions, as
specified by thz SCD, would be used as the basis
for later reference. In large part, this was a forced
approach, since it wae difficult o specify exactly
what would wear (thus, whut should be megsured).
In addition, routine scheduling of tests would also
have delayed start of the vibration tests. However,
it had been learned from many years of experience,
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that part dimensions can exceed SGD tolerances
and thua cannot be relied upon without verifi-
cation, especially not for the types of data sought
by this project.

Nevertheless, measurements were made after
the vibration tests on several purts to evaluate
results and to familiarize the HDL inspectors with
the types of measurements that would berequired.
Several parts were viewed optically at magnifica-

tions of 30-, 30-, and 100 X. No surface defects
were noted other than wear. The profilometer (for
specifications see appendix B) was used to obtain
data on a plate cover hole, a housing hole, housing
pin, and rotor pin (both gear side and far gear side).
Charts of the plate cover hole and housing pin
runout are shown as figures 14 and 15, For the unit
tested, data were within SCD tolerances.

Figure 14, Profilomeler runout chart—cover hole(plate).
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Figure 15. Profilometer runout chart—housing pin.

6.2.3 Test Group 3 (RTV Test)

The following paragraphs describe the RTV
Test Methods und the damage found when the
units were inspected after testing,

Test Description. — Twelve S&A modules
ware subjected to the RTV test (20 min per axis);
they were teated for TTA both before und after the
vibration test, with results as shown in table 4.
Column TTA-B indicates operational results on
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units before the random vibration tests; column
TTA-A, after the tests, Note that the incressed
lovels of vibration tended to result in increased
TTA (except for Test Group 4, not discussed, but
listed in table 4). Note also that for some g levels,
damage comparable to that incurred in 12 hours of
standard TV testing wus made to occur in just 1
hour of RTV testing.

Visual Inspection. = After post-test TTA
measurement, units were disassembled and ex-
amined with a microscope for vibration dumage,

Fo o e
[EU o S

s o

i
i




L At

e a1 e o e TS THHCY R

There was little dumage on units vibrated at 5 g and
only a small amount of fretting corrosion products.
Damage occurred only at the pivots and at the
junction where the detonator meets the top plate,
There was more extensive damage to the units
vibrated ut 10 g, The spin locks and rotor detent
had started to abrade the top plate. There were also
thicker black fretting deposits and considerably
more observable aluminum particles. Units vi-
brated at 15 g exhibited only slightly more damage
and fretting than did the 10-g units. Abrasion was
also noticed in this group on the bottom plate
contact area where the large pivot shoulders bear.
All units in this group had evidence of amplz ol
lubrication and it is believed that this oil could
have conferred some resistance to fretling corro-
sion, The group vibrated at 20 g had only slightly
more wear damage and frotting products than did
units of the 15+ group, There was evidence of
ample oil in this group also, The increase in
damage between the 10- and 20-g group was about
as much as the increase seen between the 5- and
10-g group, so that the amount of damage versus g
appeated to be leveling off, The damuge observed

on this group of 12 units appeared to be much
less than on the 7 units of Test Group 2. The
most seriously damaged unit of these groups may
be comparable in extent to that of the seven units
tested in Group 1, but this is a qualitative estimate
at best. Most of the observations for Group 1 made
in paragraphs two and three referring to the
baseline units also apply to observationa in units
run in this series of tests, Results indicate that a
longer test time would be necessary at the 10-g
level (to match sinusoidal TV damage) or a shotter
test time would be required at the 15-g level (to
reduce TTA to the sinusoidal TV test results).

6.3 Acoustical Test Duta

Figures 16 through 18 are copies of test data
records obtained with the acoustic sensor during
the standard prescribed sinusoidal sweep test
covering 5 to 500 Hz. The physical test setup is
shown in figure 13, When the S&A wus in the
sleove (fig. 13(a)), high-level vibration activity wus
observed in the 150- to 250-Hz range (phone
channel, chart record, fig. 14). When the S&A
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Figure 16. Microphone chart record-calibration and response to MIL-STD 331, Method 119 test
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module was removed from the test sleeve and compound (right side), The duxseal unit provides
replaced by duxseal (fig. 13(b)), the same phone bulk equivalency and serves as a reference back-
channel indicated very low response in this same  ground noise level for the system. Considerable
range as can be seen in figure 15, The high activity is observed when the S&A is in the sleeve;
response activity region is marked by high- the response function is altered considerably as a
frequency components; this can be interpreted result of the superposition of high-frequency com-
physically as being due to the increased level of ponents generated by multiple collisions, or re-
component collisions (“bounce™). The existence of ~ bounds, of components against the top and bottom
multiple impacts for particular frequency sub- cover plates of the S&A module or between the
band drives is more apparent when selected os- components and subassemblies themselves, These
cilloscope records of the microphone channel are  results were expected. Although the preceding
viewed at 61, 108, and 225 Hz. The oscillogramsof ~ tecords were obtained for vibration along the axial
figures 18a, b, and ¢ display results at 5-g drives  direction, datu for vibratory drive in the radial
for each of the sbove three frequencies, Records  directions (test positions 2 and 3 of ﬁ8~ 9) would
are for the S&A in place (left side) and again with  exhibit similar trends, with the exception that the
the S&A removed and replaced by a duxseal mostdamaging vibration frequencws might shift to
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‘igure 17. Microphone chart record-=response to MIL-STD 331, Method 119 teat with duxseal
replacement for S&A.
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E other bands within the 5- to 500-Hz range in fretting actions could serve as a precise numerical {2
i response to the different component orientation index for the characterization of total wecr, ':;;
9 and associated stiffness. The debris collection operations turned out to .
be very tedious, exacting, trial-and-error pro- 4
6.4 Chemical/Mechanical S&A Module cedures that saw marked improvement as the i
Metal Debris Collection process developed. This wes understandable, T
i since operations of this type had nut been
A Chemical/mechanical separation techniques  attempted previously at HDL and specific pro- i
3 were developed and used in an attempt to quantify  cedures had to be devised for this particular
. J{ the wear damage resulting from baseline and application. i
4 random vibraticn testing, Informative memoranda Quantitative results froin this task are presented o
f.,’-‘, regarding this task are given in appendix D, They in table 5. The total weight of the metal debris )
f will be referred to in the discussion, section 7.2.2  collected from each S&A unit {consisting primarily il o
S A and 7.8 of aluminum, zino, and steel alloys in the form of e .
Vool It was initially thought that metal debris gen-  particles and fine powder) are listed in the column. i B
T erated as a result of component intercollisions and  titled “total particles.”" Data for the first baseline ‘%“ N
S i 8
- TABLE 5 TEST RESULTS: POST-TEST METAL DEBRIS ACCUMULATED IN M732 S&A MODULE b b
g o Grous total i
L | Gross | Course | Fine Total ‘ - A
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test (Group 1) were inconclusive; an analysis
procedure was being developed concurrently and
the resulte that were obtained cannot be considered
as accurale s the data measured on subsequent
groups. The second baseline test (Group 2)
averaged 8.83 mg of dehris per module with
significant variance around the mean. These
values were sulistantially higher than expected.
The higher than expected amount of debria is
consistent with the massive functional failure
noted during the post-vibration TTA test (see

~ Group 2 results, sect. 6.2.2),

A review of the test results for the random
vibration test (tables 5 gnd 6) indicates that
ulthough better process control existed for these
analyses regarding debris separation repeatability,
these modulee (1) averaged approximately 50
percent less (~4.0 mg) total debris than was
collected in the baseline test on Group 2 and (2) no

“wear cotrelation as indicated by total wear debris

could be estublished us a function of increased rms

TABLE 6. SUMMARY OF POST-RANDOM
VIBRATION TEST METAL DEBRIS
COLLECTED FROM M732 S&A MODULES

Random Average weight of
Group No. 3 | vibration test | debris for subgroup

(g rma) mg/module

18 5 4.0

19 5

20 S

21 10 38

22 10

23 10

26 15 2.8

27 156

30 15

17 20 4.23

28 20

29 20

level of excitations, Since finding (1) above cannot
be accepted until more baseline tests are per-
formed, no conclusive correlation can be made
between the sinusoidal and random isst regarding
wear debris. The leveling off of accumulated debris
at the increasingly higher random vibration exvita-
tion levels (15 and 20 g rma) wus thought originally
lo represent an anomaly because of the small
sample size (three units). However, confidence in
the analysis method and its precision led to the
conclusion that damage at the higher gravity levels
had to occur as part distortion rather than part
abrasion,

One reason for weight variance within any
sample group may be due to metal debris that is
possibly lost during post-test disassembly and
manual inapection of the module before the initia-
tion of the chemicul-mechanical separation pro-
cedure, This loss is practicaily unavoidable, but it
is considered to be of relatively small magnitude
compared to the total weight of the metal debris.

Table 7 summarizes data (see app D, table D-1)
collected on S&A units “as delivered.” Data were
obtained in January 1978, after the chemical
analysis technique had been perfected. It in pre-
sented in this section primarily to indicate the
precision that can now be achieved with this
m.hod, It should be noted that the metal debris
collected from each unit is nearly the same
(0.0017 x 0.0004 gms), wheicus there is a more
than 2:1 difference between the minimum and
maximum amounts of oil collected, This is dis-
cussed further in section 7.2.2,

TABLE 7. SUMMARY OF DATA ON OIL AND
METAL COLLECTED FROM LOT-DELIVEREL
M732 S&A MODULES (REFERENCE
APPENDIX D, TABLE D-1)

Debris/oil Fig F48 F58
Unit No. (gms)

Metul debris und oll  €¢.0058 00019  0.0083
collected by “washing”

Large particles 00010  0.0015  0.0017
Fine particles 0.0003 0.0002 0.0003
Toti particles 0.0013 ¢.0017  0.0020
oil 0045 0.0102 0.0063
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7. DISCUSSION

To a large extent, test results, observations, and
conclusions must be considered tentative since (1)
sample sizes were small, (2) some tests were being
done for the first time, and (3) approaches were
modified as information was acquired. An ap-
parent contradiction exists because some data are
precise and definite trends can be observed; yet,
anomalous behavior was exhibited both, by group
and by units. Certainly, additional tests are called
for with more definitive boundary conditions and
fewer variables, As discussion will show, one
variable requiring closer control is lubrication of
the S&A.

7.1 Turns-to-Arm

TTA proved to be a quite reliable yardstick in
determining the condition of the S&A. Generally,
TTA before test appeared reasonably the same for
all unite (table 4). Unfortunately, TTA-B were all
measured when delivered (after detonator replace-
ment). Future tests should specify that TTA-B be
performed just before vibration testing. Except for
some anomalous behavior, and allowing for small
sumple :size, TTA-A data were consistent with
observed test conditiva severity (more damage,
longer arming time) and specific types of damage,

7.2 Lubrication
7.2.1 Group 2 Results

Although TTA-B for Group 2 was consistent
with data of other groups, TTA-A was marked by
catastrophic failure. Since this group was sub-
jected to the same test as Group 1, the results were
totally unexpected. An explanation can be deduced
only from post-test observations of the S&A and
from previous experience of the S&A designers.

The S&A units were delivered prelubricated
aund sealed in plastic pouches. The detonator was
replaced at HDL; the units weve tested for TTA and
were then returned to the plastic bag. It is known
that the lubricant flows readily and, when it is in
contact with any oil-absorbent material, it will
“wick” away. Since the HDL environment test area
carries a heavy work load, it is postulated that the

Yo A 0l Gk 1 A
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S&A units were removed tfrom their pouches
before the test, placed on a workbench (perhaps on
paper towels) and, because of other work commit-
ments, were not tested immediately. Lubricant loss
under these circumstances would account for the
additional fretting products, the exceptional dry-
ness of the material, and & noted luck of oil
remaining in the S&A unit. Although this is a
hypothesis and cannot be proven, it does correlate
with known facts and does have merit as an
explanation,

7.2.2 Chemical Analysis

Table 7 (an excerpt from table D-1, app D)
shows the type and amount of metal particles and
the amount of oil that were observed in the
chemical-isechanical analysis. At the time these
resulta were obtained, the analysis technique had
been perfected; thus, these results are quite reli-
able. It can be observed that units “as delivered”
do contain some metal particles (0.117 £ 0.0004
gms), More important, however, is the fact that
among the three samples there is more than & 2:1
ratio in the amount of oil present between the least-
and best-lubricated units, The variation in lubrica-
tion of other units and its effect on TTA per-
formance must be questioned,

7.2.3 Relevancy to Future Tests

Since lubrication appears to play a majorrolein
vibratory damage results, an assessment of ite
importance should be determined. This is es-
pecially applicable where unother parameter is
being evaluated (as herein, RTV test versus stand-
ard TV test), and the lubrication appears to be a
significant factor in determining wear damage. A
consideration for future tests might include ultra-
sonic cleaning of all units and precise lubrication of
critical bearings and pivots before actual testing.

7.3 Chemical-Mechanical Analysis

This method was developed into a precise,
valuable analysis tool. Because of its credibility,
analysis of RTV test data (5, 10, 15, and 20 g)
directed attention to the fact thet at higher g levels,
damage occurred as a distortion of parts and
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enlargement of pivots and holes rather than as
abraded by-products. Analyeis data provided a
quantitative measurement that confirmed visual
observations. Current thinking is that this analysis
tool will see more use in the future for analysis of
the types of debris that result from vibratory
testing. In such use, it would lead designers to
consider different materials or designs to minimize
pert wear at critical surfaces and pivots,

7.4 Mechanical Inspection

Observations, test results, and the limited use of
dimensional measurements that were made indi-
cate that precise determination of damage effects in
the future will rely heavily on precise mechanical
inspection. Once critical component dimensions
are delineated, pre- and post-test meusurements
will have to be made. Manufactirer’s tolerances
cannot be used as a reliuble benchmark, Although
this suggested detailed approach may appear to be
costly in time, precise measurement data are
necessary for accurate reliable analysis of test
method applicability. In uddition, such modifica-
tions in procedure a8 more uniform lubrication of
test units, more precisely controlled storage and
handling parameters, etc,, will allow use of few test
sumples or, conversely, for a given number of
units, will yield more consistent, accurate, and
precise results,

7.5 Spectral Analysis, Sinusoidal Drive,
Random Vibration Drive

7.5.1 Spectral Analysis

Analysis of the harmonic or sub-band response
to the swept sinusoidal drive has proved infor-
mative. At thie point, precise conciusions cannot
be made, nor is it necessary to be able to doso, Itis
immaterial whether wear occurs because of struc-
tural resondnces or because of component resonant
response — the net effect is observable dumage.
Noteworthy however, is the observation that most
reaponse (ucceleration excursions) occur in the
band between 100 and 250 Hz or, being more
liberal, even as wide a band as 50 to 300 Hz,

‘urther study is necessary to be more definitive

but, for now, some interesting conjectures can be
made regarding future types of testing and a related
savings in test time.

7.5.2 Sinusoidal Drive

If it is assumed that negligible damage occurs
outside the 100- to 250-Hz band {or perhaps 50 to
300 Haz), it follows that test time spent sweeping
outside this region might be unnecessary. Time
spent between 92,4 und 270 Hz is 7 minutes (26
minus 19 min) and between 50,0 and 315 Hz is 12
minutes (27 minus 15 min) (see app A, table A-1).
Of the present swept frequency test cycle, 7
minutes duration is 23 percent und 12 minutes is
40 percent, An experimental investigation to check
this hypothesis uppears warranted.

7.5.3 Random Vibration Drive

Tests performed so far are very promising —
certainly, feasibility of the method und the savings
in test time have been demonstrated (1 hour versus
12 hours).

However, experimental and mathematical cal-
culations (sect, 4.2) predicted 1,6 hours of testing
for RTV versus 4 hours for standard TV testing, It
should be recalled that the caleulated value was
based on ~g over the 5- to 500-Hz bund. If the
assumption about sub-band relevancy is carried
forward, the product of the 100- to 250-Hz band
value (23-percent test time) and the ~g time ratio
(1.6 versus 4.0 hours = 40 percent) yields o
value of 9.2 percent, a crudely derived but inter-
esting result,

Details ‘s to umplitude levels, spectral content,
und test duration will huve to be determined.
However, considerable leeway exists in the par-
ameters availuble for udjustment so as to justify the
optimism that equivalency can be demonstrated
while considerable time is saved.

8. CONCLUSIONS

Several conclusions cun be drawn from the
procedures reported on here,

® Processing ol the S&A units (especially
regarding lubricution), storage, und hundling can
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be a dominant factor in shaping the outcome of the
MIL-STD TV tests.

® Thestandard apin test and the measurement
of TTA proved to be arealistic, valid measure of the
S&A sustained damage.

® The chemical-physical debris analysis that
was finally developed is a precise quantitative
measurement method that provided insight into
the cleanliness and lubrication of units. It provided
a major clue as to the type of damage susatained at
the higher g levels in the RTV tests (hole enlarge-
ment, dimensional changes, etc., rather than abra-
sion and fretting products). This chemical-physical
technique will probably in the future be reserved
almost entirely for analysis of the abraded material,

@ Visual observation of units at low magnifi-
cation sufficed to verify results of the spinner
arming tests. However, quantitative analysis
of “equivalent” damage sustained by units as u
result of varying TV test parameters will be most
meaningful if sophisticated dimensional measure-
ment equipment is used.

® Principles and techniques developed by this
project show considerable promise as a design
analysis test for ordnance materiel exposed to
vibratory environments,

9. RECOMMENDATIONS

Feasibility of the proposed RTV test as a
substitute (equivalent) replacement for the MIL-
STD 331 TV test hus been demonstrated; equally
as important, it has been shown that test time for
comparable damage to the M732 S&A module can
be achieved in less than one-half of the test time
now required. It is therefore recommended that, as
an absolute minimum effort, this program be
cantinued, Specific test criteria for RTV testing
could then be established which will be shown to be
equivalent to the damage sustained by units in the
current MIL-STD 331, Method 119, TV test.
Additional support of this proposal would allow for
collection und utilization of available field en-
vironment test records (TV tapes, records, etc.) for
spectral analysis, followed by RTV test specifica-
tions that would be fine tuned for the “real world,”
Additional areas for development could then in-
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clude design (or at least analysis for relevancy) of
similar tests for other ordnance materiel.

10. SUMMARY

Specifications were to be derived for a random
vibration test procedure that would replace the
current MIL-STD 331, Method 119, swept sinu-
soidal TV test; the proposed test would be more
realistic, would result in better field environment-
qualified ordnance materiel, and, because of a
shorter required test time, would be less costly.

The proposal called for the demonstration of
equivalency between the new and old test methods
by running each type of test on standard M732
S&A modules and then comparing and evaluating
the results,

An experimental and mathematical analysis
established a test time of 1.6 hours for RTV versus
4 hours for the standard TV test. Units were run at
one of 4 g levels (5, 10, 15, and 20 g) in the RTV
mode for 1 hour, versus 12 hours for the baseline
test (standard TV), Damage levels were observed
that spanned those obtained with the standard TV
test, demonstrating feasibility of the method and
sufficient flexibility for adjustment of parameters
to warrant confidence that test specifications can
be established with substantiul savings in testing
time. Further developments in this project, how-
ever, will require additional support and additional
funding,

In the course of this program, several accom-
plishments were made that are basic to continuing
work, and un event was noted that perhaps ranks ss
important us the outcome of this project itself. The
event reforred to involves the lubrication of the
S&A module, Two groups of eight units each from
the sume manufacturing lot were aubjected to the
MIL-STD test at different times; post-test results
differed radically. The second group armed poorly
if at ull, exhibited much greater wear, and had very
little lubricant. Since the unite came from the same
lot, luck of lubricant wus attributed 1o loss through
handling or storage. This occurrence should alert
the ordnance materiel test community that ap-
parently insignificant factors may play as im-
portant a role in test outcome as known mujor ftems
of importance, or even the test procedure itself,
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Some accomplishments follow.

(1) Development of a chemical-mechanical
analysis procedure for assaying metal debris and
oil residue in the S&A module,

(2) Development of transducer instrumenta-
tion and methode for definition of damage in-
flicting dominant frequency sub-bands.

(3) Determination of damage-prone surfaces
and elements within the S&A and decision that
precise dimensional measurements of S&A ele-
ments will yield maximum information with fewest
test samples.

40

(4) Use and availability of a computer program
for pracessing and for spectral analysis of TV test
records,

To recapitulate, data obtained and analyzed to
date justify the original premises and predictions
for the proposed random vibration test procedure.
Techniques and guidelines have been developed
that will channel additional supporting work to a
successful project conclusion. Further testing and
project funding is required to substantiate and
document a precisely defined test procedure.
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APPENDIX A i
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A :
¢ 2
% y APPENDIX A. — REVERSIBLE CYCLES IN MIL-STD TRANSPORTATIGN VIBRATION TESTS g;
Y B
k j A computer program was written to establish the numerical values of parameters f, N, and N7y, as v
23 functions of test frequency and time. The program, a tabular listing that follows, shows the instantaneous :'?
ke numerical value of each of the parameters over 1-minute intervals within the 240-minute range and o
: g graphical plots of the sweep funciion and N ,
1 ¥
To determine the equivalent test time for the proposed RTV test, a statistical cycle-reversal '
frequency about a specified mean or rms level of excitation had to be established, This was achieved in
‘ two independent ways—through evaluation of test data and by theoretical considerations, !
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APPENDIX A ~ @ )
; j !
b L I
. »,
Y FORTRML FY.____.D2620) . GQUAGK LISTING.. !
i .
g. C LOCLIN = COMDUTES TWO FUNCTIONS: %
[ 3
. 2 E(EIR3LMI0. %4, H 20, ~ALBLANOD(T,604)-30.))) i
¥ [ b
§‘ . c Y=PORTE00.¥C 20, *¥CLNT) =14 3 /(BVENC 10.)) 5
3 c¢ y
§ o BO”S BROIL O HIN., TO 240 MIN., T IS IN HOURS i ;
g ¢ o= 4 3
i € IN=4, A
4 C  LN(i0.)=2.302585 4 ¥
L". C 8 ‘
I 0001 DIMTHBION XP(241) %I 241),BASE(241),XOFE 241) > E
i 0002 DIMENSION XLL(2), YLZ(Z) YL1(2), YLZ(?) ¥ ;
P 0003 DATN XL1/'GRAP', 'H 1 9
: 0004 DATA XL2/'GRAP','H 2 '/ : &
i 0005 DATA YLL/'LOGS','CALD'/ 3 F
oo 00035 DATA YL2/'LOGS','CALE'/ A
A 0007 DAYA LENXL1,LENXLZ, LENYL1,LENYL2/4%8/ é i
N . ]
T C ATTACH OUTPUT LUN 4 1 !
L 0008 WRITH(5,5) o i
S 0009 5 YOMMAT( ' ENUER QUTPUT DEVICE OR PILE') A 3
L 0010 CALL OPEMFI(S,4) r §
o C OPTION: DIAGHOSTIC QUTBUT & ;
L 0011 WRITE(S,6) ]
T 0012 6 rommI( ' ENTER 1 FOR EXTRA DIAGNOSTIC OUTFUT') ¢ ]
T 0013 READ( 5,110) IPLAG : k
SE- ¢ DO PIRST EQUATION: - :
S 0014 X=0. ? 4
; 0015 . RINC1, ! 5
. 0016 DO 40 Isl,241 ' : a
- 0017 XP(I)w5.,%10,%%(4.%X/60,) ; o
0018 Hust+XING ’}
0019 IF (X .GE, 30,)XINC=-1, ‘ _
0021, IP'(¥ .LE, 0,)XINC=1. : -
0023 A0  CONTINUE :
C DO SECOND EQUATION
C ETUD : .
0024 XBAGE=0., I
0025 XINCw1. :
0025 X=0. !
¢ Loop ' -
‘ 0027 DO 44 Inl,241 j
! 0023 XD ) =XBABE+XINCH( 36000, %U'L0. #*(X/15.)=1.)/( 8%2.3026))
! 0029 BASI{ I)=XBNSE ‘
; 0030 RO L) wMINCH( 36000, %( 10, %*(%/15.)=1,)/2,3026) )
P 0031 IF (3 LLT., 30.) GO TO 42
: 0033 RBLEB=XBABE+X1( 31) +HH( 31) '
¥ 0034 XINCw-1,
iy 0035 42 IF (X LGT. 0) GO TO 44
¥ 0037 Qrnoml, . :
b 0033 44 RuR+RINC :
% o] g
] 0039 gul g
‘ 0040 DO 200 I=l,0 ;
- 0041 110  FOINMAR(IL) i
[ ’
i
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i
!
! FORTRAN 1V T0E~0L SOURCE LISTING
. goa JOD. O)WIMITRC4,120)
; L E R 1)) :nonw',sn,'wnme',lox.'ﬂ‘,gx.'noc N')
; nAas LEN. 1) WRITECA,L2M)
! adaT 12 rmnnw-,5%.'ano'.lox.'n-,9x.'noe N',10%,'BASE",
‘I A b 10[.*5'1"7"0"' ) ]
\ ] N 4
i onan NLrTe29 |
! 049 I (%1 .EQ. 240) Kl=241 . h
. nen T 160 Ked, KL .
; o0LN u® (IFLAG LEQ. 0) @0 TO 140 .
\ 0054 WRITE(4,135)K=1,XP(K) , XN K) ,ALOG XMC K) ) ,BASE( R) , XOFP( X) :
0055 135  ronuMAT(3¥,I3,3%,0l1.4,2X%,611.4,2%X,611.4,2%,4511.4,2%X,G11.4) ¥
3 0055 €O TO 160 , ;
‘ 0087 40 YIDETDA, 16HIR=-1, MR R, NN KD , ALOG( XM K)) :
i 0053 160  COUPTNUR '
i 0058 168  LOILIAN3N,I3,3%,611.4,2%,611.4,2%,011.4)
0060 200  JwKlel . g
‘ ¢ DRONDY POR GRALNS B 9
, 0C5) WRITE(S,590) | :
e ‘ 00ca 590 pOMMAN Y EUTER 1 TO OUTPUT GRADHS') i :
- . 0063 nEA™ 5,110) I3 i ,
- 0064 IP (L3 .pQ, 0) sTOP i 1
4 - C OUTPUY 2 GRAPHS . ! b
: 0066 VRITE(S,600) :
1 0067 €00 FORMAT ' SPECIPY OUTPUT DEVICE FOR GRAPHS') ‘ 1
g 0068 CALL ODENPICE,1) ;
3 0069 CALL SETFDQ ; 3
; ‘ 0070 CRLL INIT(2,,1.5) , !
' 00721 CALL ECHELN i !
: 0072 CALL ENTGRM 3
) : ¢ orant 1 ‘ . :
- 0673 CALL LOGQACHK( ¥F,241,6.,1,1) Bt
1 0074 CALL QCJ\L!:KOc '2401'6a ,SB‘,VL0,0) ’
i 0075 CALL YLOGAM( YL1,LENYL)., o )
4 0076 CALYL XAXIE(®LL, LnNhLl
0077 IDE=3
0071 DO 610 I=1,241
0079 CALL DRAWC FLOATC I=1),XE( I),IPEN,2)
nesn  G6lo TLitiel
0031 CALYL BXITOGR )
¢ GAPH 2 g
0082 PEADC 5,110) 10 4
¢0a3 CALL SCREEN X
0004 ALY LNTERA i
0085 CALL LOGOCA(XN,241,6.,1,1) o
00014 OLLTL YLOGAY( YL2,LENYL2,6.) Wi
0007 OALYL YAXIS(XL2,LENXLZ,6.) m
0080 IDKN=3 : 3.
0000 PO G20 Iwl,241 ' ' ;
0091 CALT DRAVI FLORTC I-1),%N(1),IPEN,2) i
009) 620  IvEne=l n
0092 ¢ALL BXITGR .
0003 READt §,110)TJ
0004 10D
0005 [D
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b :ri!:
, HDL SUPER FORTRAM V2-4 ' o
g LOGLIN, FTN /TRtBLOCKS/WR N
. C LOGLIN - COMPUTES TWO FUNCTIONS
R g F(T)=8,%20,%%¢4,%(30.-ABSCAMOD( T,60.)~30.)))
. g H(T)=FO*3600.%(10. **(M*T)~1,)/( H*L}( 10,))
I c Bogg gnou 0 MIN. TO 240 MIN,, T IS IN HOURS
W < «* c -3,
c N=4 .
G C LMN(10.)=2.302385
o vis c
N 0001 DIMENSION XP(241),XN(241) ,BASE( i41) ,XOFP(241)
T 0002 DIMENSION XL1(2),XL2(2),¥L1(2),YL2(2)
g 0003 DATA XLL/'GRAP','H 1 '/
. c DATA XL2/'GRAP','H 2 '/
S 0004 DATA XL2/° e v/
L 0005 DATA YL1/'LOGS','CALE'/
. c DATA YL2/'LOGS','CALE'/
SRR N 0006 DATA YI2/° v v/
T 6oLy . DATA LENXL1,LENXL2,LENYLL,LENYL2/4%8/
oA C ATTACE OUTPUT LUN 4
b 0008 WRITE(S,S)
E & 0009 s PORMAT( ' SENTER OUTPUT DEVICE OR FILE: ')
. 0010 CALL FILABN(4)
S C OPTION: DIAGNOSTIC OUTPUT
LB 0011 WRITE(S,6)
A 0012 6 FORMAT( 'SENTER 1 FOR EXTRA DIAGNOSTIC OUTPUT: ') y
S 0013 READ( 5,110) IFLAG
o C DO PIRST EQUATION: O
¥ou 0014 X=0, -
b 0015 XINC=1. k]
Y c 8
Y 0016 DO 40 I=1,241 &
3 0017 XP(I)w8, w10, W%(4,%X/60.) o
S 0018 X=X+XINC ;
X 0019 IF (X .GE., 30.)XINCw=-1, v
- 0020 IF (X .LE. 0.)XINC=l,. B
I 0021 40 CONTINUE :
b C DO SECOND EQUATION -
, C SETUP ; ~
0022 XBASE=0, P N
0023 XINC=1, R 2
0024 X=0. ) i
C LooP ’E il
0028 DO 44 I=1,241 B, ¥
" 0026 XN( I) #XBASE+XINC®( 36000,%(10.#*(X/15.)-1,)/(8*2,3026)) i e
0027 BABE( I)=XBASE i
0028 XOFF( I)=XINC*( 36000,"(10.%**(X/15,)~-1,)/2.3026) 4 i
0029 IF (X .LT, 30.) GO TO 42 i )
. 0030 XBASE=XBASE+XN( 31) +XN( 31) g !
0031 XINC=-1, A
0032 42 IF (X .GT. 0) GO TO 44 & !
0033 XINC=1, i
0034 é‘ X=X +XINC ,Q
i
: 0033 Jel A p
¥ 0036 DO 200 I=1,8 i ‘
v 0037 110 PORMAT( I1) : W
i 0038 IF (IFLAG ,EQ. O)WRITH(4,120) !
b 0039 120 FORMAT( '1 INDEX',S5X,'FREQ',10X,'N',9X,'LOG R') :
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g 0040 IF (IFLAG .EQ. 1) WRITE(4,121)
b 0041 121 FORMAT( '1 INDEX',S5X,'FREQ',10X,'N',69X,'L0OG N', 10X, 'BASE',
§ 1 8X, 'OPFBET')
3 c
; 0042 Kl=J+29
A 0043 IF (K1 .EQ. 240) Kl=241 ‘
: 0044 DO 160 K=J,Kl
% 0048 IF (IFLAG .EQ. 0) GO TO 140 .«
e 0046 WRITE(4,135)K-1,XF(K),XN(X) ,ALOG(XN( X)) ,BABE(K) ,XOFK K) ;
2 0047 138 FORMAT( 3X,I3,3%X,G11.4,2%X,611.4,2X,611.4,2%,611.4,2X,611.4)
1 0048 GO TO 160
3 0049 140 WRITE(4,165)K-1,XE X) , XN K) ,ALOG{ XN{ K) ) RS
] 0050 160 CONTINUE :
: 0081 165 FORMAT( 3X,I3,3%,611.4,2X,611.4,2%X,G11.4)
4 0082 200 IeK1lel ~
g C PROMPT FOR GRAPHS
: 0053 WRITE(5,590) '
, ) 0054 590 FORMAT( ' ENTER 1 TO OUTPUT GRAPHS') -
T 0055 READ{ 8,110)1J §
S 0056 IF (IJ .EQ. 0) BTOP i
S C OUTPUT 2 GRAPHS '
) ; 0037 WRITE(S,600) ‘ ;
b 0058 §00 FORMAT( ' 88PECIFY OUTPUT DEVICE FOR GRAPHB: ') :
by @ 0039 CALL FILABN( 1) |
£ 0080 CALL BETPDQ ;
5 0061 CALL INIT(2.,1.5) o
i 0062 CALL BCREEN P
s : 0063 CALL ENTGRR :
» 4 C GRAPH 1 i
, : 0064 CALL LOGQCA(XF,241,6.,1,1) '
‘ 0065 CALL OCALE(O.,240,,6.,8F,VLO,0) '
; . 0066 CALL YLOGAX{ YL1,LENYL1,6.) |
L 0067 CALL XAXIS{XLl,LENXL1,6.) )
3 . 0068 IPEN=3 '
S 0069 DO 610 I=1,241 -
4 0070 CALL DRAW( FLOAT( I-1),XF(I),IPEN,2)
i . 0071 610 IPEN=]
; 0072 CALL EXITGR
: . C GRAPH 2
o 0073 READ( 5,110)IJ r
i 0074 CALL SCREEN |
0075 CALL ENTGRA
0076 CALL LOGQCA(XN,241,6.,1,1)
0077 CALL YLOGAX( YL2,LENYLZ2,6.)
0078 CALL XAXIB(XL2,LENXL2,6.)
0079 IPEN=3 g
0080 DO 620 Iw1,241 .
0081 CALL DRAW( FLOAT( XI-1),XN(I),IPEN,2) i,
0082 620 IPEN~1 ' :
0083 CALL EXITGR - "
0084 READ( 5,110)IJ ) "
0085 8TOP
0086 END
[
PROGRAM BECTIONS N 1]
NAME 812K ATTRIBUTES
$CODEL 002206 5378 Rw,I,CON,LCL . ,
SPDATA 000060 24 RW,D,CON,LCL |
SIDATA 000566 187 Rw,D,CON,LCL .
SVARS 007532 196% RW,D,CON,LCL 9
STEMPS 000004 Z RW,D,CON,LCL TOTAL SPACE ALLOCATED = 012612 2757 ;

+LP1=LOGLIN.FTN
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LOGLIN - COMPUTES TWO FUNCTIONS:
F(T)=5, w10, ¥*( 4, %(30.-ABS(AMOD(T,60.)=30.)))
N(OT)=FO%3600. % 10, w*{M*T)~1,)/(M*LN(10.))
Bo;g_gnou 0 MIN, TO 240 MIN., T IS IN HOURSE

M=4,
LN(10.)=2.302585

DIMENSION XF(241),XN(241),BABE(241),XOFF{ 241)
DIMENSBION XL1(2),XL2(2),YL1(2),YL2(2)
DATA XL1/'GRAP','H 1 '/
DATA XL2/'GRAP','H 2 ‘/
DATA XL2/! Yt v/
DATA YL1/'LOGS','CALE'/
DATA YL2/'LOGS','CALE'/
DATA YL2/'® Yol A
DATA LENXLl,LENXL2,LENYLL,LENYL2/4%8/

ATTACH OUTPUT LURN 4

WRITE( 5, 3)
FORMAT( ' SENTER OUTPUT DEVICE OR FILE: ')
CALL FILABN(4)

WRITE(5,6)
FORMAT( ' 3ENTER 1 FOR EXTRA DIAGNOSTIC OUTFUT: ')
READ(5,110) IFLAG

c
c
5
C OPTIOR: DIAGNOSTIC QUTPUT
]
c

DO FIRST EQUATION:

x-o .
XINC=1,

c
DO 40 I=1l,241
XP(I)=5, %10 W¥( 4,%X/60.)
X=X+XINC
IF (X .GB. 30.)XINCe=-l.
IF (X .LE. 0.)XINC=1.
40 CONTINUE
C DO SECOND EQUATION
C SETUP
XBASH=0.
XINC=1.
X=0.
C LOOP
DO 44 I=1,241
XN(I)=XBABE+XINC*(36000.,"(10.%*(X/15.)-1,)/(8%2,3026))
BASE( I)=XBABE
XOFF(I)=XINC*(36000,"(10.%*(X/1%.)-1.)/2.3)26)
IF (X .LT. 30.) GO TO 42
XBASE=XBASE+XN(31)+XN(31)
XINRC=-1.
42 IPFP (X .GT., 0) GO TO 44
XINC=1,
44 X=X+XINC
[+]
J=1
DO 200 I=-1,8
110 FORMAT( I1)
IF (IFLAG .EQ. O)WRITH(4,120)
120 FORMAT( 'l INDEX',3X,'FREQ',10X,'N',9X,'LOG N')
1 IF (IFLAG .EQ. 1) WRITE(4,121)
21

PORMAT( ‘1 INDEX',3X,'FREQ',10X,'N',9X,'LOG N',6 10X, 'BASE"',
i ax, 'orrsET')
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135

140
160
168
200

Kl=J+29

IF (K1 .EQ. 240) K1=241

DO 160 X=J,Kl

IF (IPLAG .EQ. 0) GO TO 140

WRITE(4,135)X-1,XP(K),XR(K) , ALOG( XN( X)) ,BASE(X) ,XOFF K) .
50!“&!1:%.13.38,611‘4.28.011.C.ZX.GLI.C,ZX.GIL.‘.ZX,OII.C)
0 TO .

WRITE(4,165)X-1,XF(K),XR(K) ,ALOG( XN(K))

CONTINUE

PORMAT( 3%X,I3,3X,611.4,2X,61%.4,2X,G11.4)

JeKl+l

C PROMPT FOR GRAPHS

590

WRITE(S,590)

FORMAT( ' ENTER 1 TO OUTPUY GRAPHS')
READ( 5,110)1J

IFr (10 .EQ. 0) 8TOP

C OUTPUT 2 GRAPHB

6§00

C GRAPH

610
C GRAPH

620

WRITE( 5,600) ‘
FORMAT( ' $8PECIFY OUTPUT DEVICE FOR GRAPHS: ')
CALL FPILASN(1)

CALL BETPDO

CALL INIT(2.,,1.%)

CALL S8CREEN

?ALL ENTGRA

CALL LOGQCA(XF,241,6.,1,1)

CALL QCALE(O.,240.,6.,8F,VLO,0)
CALL YLOGAX(YL1,LENYL1,6.)

CALL XAXIS(XL1,LENXL1,6.)

IPEN~3

DO 610 Iwl, 241

CALL DRAW( FLOAT( I-1),XI I),IPEN,2)
IPEN=1

CALL EXITGR

READ( 5,1)0)1J7

CALL SCREEN

CALL ENRTGRA

CALL LOGQCA(XN,24),6,,1,1
CALL YLOGAX( YL2,LERYL2,6.

CALL XAX1S8(XL2,LENXL2,6.)

IPEN=]

DO 620 I=1,241

CALL DRAW( PLOAT( I-1),XN(IX),IPEN,2)
IPEN=]

CALL EXITGR

READ( 3,110)10

aTop

END
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TABELF A-1. NUMBER OF ACCUMULATED REVERSALS AS A FUNCTION OF TIME AND
FREQUENCY —~ MIL-STD 331, METHOD 119, PROCEDURE I
INDEX "TRRQ" . ] 10G §  'IMDEX YREQ R 106G M
o 5.000 0,0000 0.0000 80 8.000 0.3870R+06 12.87
1 4,930 324.2 5,782 81 5.830 0.3873K+06 2.7
- 2 6.797 702.3 §.054 82 6.797 0.3877K+06 12.87
3 7.924 1143, 7.041 63 7.924 0.38810+08 12.87
4 9.239 1657, 7.413 64 9.239 0,3886K+06 12.87
8 10,77 22%8. 7.121 65 l0.77 0.3892K+06 12.87
o 6 12.%8 2955, 7.091 1] 12,56 0.3899K+06 12.87
7 14.64 1765, 6.238 67 14.64 0.3907K+06 12.88
8 17,07 4719, 8.439 ¢8 17.07 0,3917E+08 12,88 VY
9 19.91 %326, 8.610 69 19.91 R 0.3928K+06 12.88 pi
10 23,21 1117, s.87¢ 70 23,21 0.3941R+08 12.88 5
' 11 27.08 8622, 9.062 71 27.06 0.3956%+06 12.89 B
: 12 31.58% 0.1038K+08 9.247 72 31,88 0.3973E+06 12.89 i
4 13 35.78 0.1242K+08 9.4217 73 36.76 0.3954K+06 12.90 7y
: 14 42,88 0.1481E+05 9.603 T4 42,88 0.40188+0¢ 12.90 EJ
; 18 50.00 0.1739E+08 9.778 7% 50,00 0.4043E+0¢ 12,91 i
16 58,30 0,2003R+08 9.944 76 58.30 0.4078E+06 12.92 i
17 €7.97 0,24618+08 10.11 77 61.97 0.4116L+06¢ 12.93 o
[ 18 79.24 0.29038+08 10,28 78 79.24 0,4160E+06 12.94 ég
B 19 92.39 0.3416K+08 10.44 79 92.39 0.4211E+06 12,98 e
T E 20 207.7 0.4018K+0% 10.60 80 107.7 0.4271E+06 12.96 ]
L 21 12%.6 0.4714K+08 10.76 8l 125.6 0.4341E+06 12.98 o
. 22 146.4 0.5528K+05 10,92 02 146.4 0.44228+06 13,00 ;
Yy 23 170.7 0.64708+08 11.08 83 170.7 0.45178+06 13.02 o
. 2 199.1 0.7585K+05  11.24 84 199.1 0.4628E+06 13,08 A
: 2% 282.1 0.88785E+0% 11,39 1] 332.1 0.47570+06 13.07 i
26 270.6 0.1038E+06 11.8% 8¢ 270.48 0.4508B+06 = 13,10 J
21 315.8 0.1214E+06 11.71 87 11%.8 0.3083m+06 13.14 #
28 367.8 0.14108E+06 11.86 a8 367.8 0.35288R+06 13.18 e
29 4148.8 0.1657E+06 12.02 89 428.8 0.5526K+0¢ 13.22 il
30 800.0 0.1935m+04 12.17 90 %00.0 0,58048+0¢ 13.2% A
N 428.8 0.22130+08 12.91 9) 428.8 0,6082K+06 13.32
32 367.8 0.2451B+06 12.41 92 367.8 0,6321B+06 13,3¢ "
33 31%.% 0.26560+08 12.49 93 318.5 0,6526R+0¢8 13.39 i
k1) 270.6 0.28318+06 12,38 94 270.6 0,6701E+06 13.42 4
8 232.1 0.2982E+06 12.61 (1] 132.1 0.6832R+06 13.44 "
38 199.1} 0.3111EK+04 12.68 96 199.1 0.8581K+06 13.46 o
37 170.7 0.32228+06 12.686 [ X} 110.7 0.7091E+06 13.47 b
38 14€.4 0.33178+08 12.711 98 146.4 0.7186E+06 13.49 )
35 125.6 7.33988%06 12,74 99 12%.8 0,7268K+08 13.50 A
40 107.7 V. 34688406 12.7¢8 100 107.17 0.7338E+06 13.81
41 2.3 C.3828E+06 12.717 101 922.3 0,739TR+06 13.8)
42 79.24 0.3%579E+086 12.79 302 79.24 0.7449B+06 13.82 -
43 §7.97 0.3623E+08 12.80 101 §7.97 0.7493E+08 13.83 3
44 18.%0 D.38618+06 12.8) lod 58.30 0.,7531K+08 13.53 :
48 50.00 0.36948+08 12.82 10% 50.00 0.78563E+06 13,854 i
46 42.88 0.37215+08 12.8% 106 42.03 0.7891K+08 131.84 L
417 36.78 0.3745R+08 12,83 107 36.78 0.76138+08 13.54 o
43 31.8% 0.37665+08 12.84 108 31,88 0.7635E+08 13.58 o
49 27.08 0.37838+08 12.04 109 27.08 Q.7633K+08 13,88 N
50 23.21 0.37988+06 12.48 110 23.2) 0.76688+08 13,88 K
81 19.91 0.3811E+08 12.88 111 19.91 0.768158+08 13.88% ﬁ
52 17.07 0.38222+06 12.88% 112 17.07 0.76928+08 13.55
83 14.64 0.38328+08 12.8¢ 113 14.%4 0,7701B+04 13,858 :
54 12,98 0.38408+0¢ 132.688 114 12,56 0.77108+08 13,84 |
1] 10.77 0.38478+04 12.88 118 10.77 0.77178+08 13.5¢
L1 9.2 0.38538+04 12.86 11¢ 9.239 0.77238+04 13.%¢ |
87 7.924 0.,3850R+0¢ 132.88 117 7.924 0.77288+08 13.88 .
58 §.197 0.3883R+06 12.88 118 €.197 0.77328+0¢ 13.56 b
1] 5.83%0 0.358688+08 12.87 119 5.830 0.7731K+06 13.5%¢ n
X5
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TABLE A-1 (Cont'd)

Dowx rame n 106 M IwOEX
120 3.000 0.7739m08 . 13.36 380°  3.000 0.1161K007  33.96
121 5.830 0.77420+06  13.56 181  5.830 0.1161E+07  13.86
122 6797 0.7746X+06  13.36 182 6.797 0.11628+07 13,97 .
123 7.9 0.7751E+06  13.5¢ 183 7.924 0.11628+07 13,97
124 9.239 0.77565+06  13.5¢ 184  9.239 0.11638+07  13.97 .
128 10,17 0.77628406  13.3¢ 185 10.77 0.1163E+07 13,97
126 11.3¢ 0.7169K+06 13.9%6 186 12,56 0,1184E+07 13.97
127 14.84 0.77778406 13,86 187 14.64 0.)1630¢07  13.97
128 17,07 0.778€m+06  13.57 1a¢  17.07 0.11668407  13.97 .
129 1991 0.77975+08  13.57 188 19.91 0.11678407  13.97
, 130 2321 0.7810E+06  13.87 190  23.21 0.1188E+07  13.97
‘ 131 27.08 0.78288+06  13.57  1s1  27.06 0.11698+07  13.97
i 132 31,88 0.7843%+06 1387 192 31.88 0.11718407  13.97
. 133 3. 0.78638+06  13.58 193 36.78 0.11738+07  13.98
i 134 42,88 0.78878+08  13.88 Y94  42.88 0.1176E+07  13.58
| 135 30.00 0.7918m+06  13.88 195  50.00 0.117gme07  13.98
c 136 8.30 0.7947m406  13.589 196 38.30 0.1182E+07  13.98 |
S 137 61.97 0.7985E+08  13.80 187 7.9 0.11838+07  13.99 |
1 138 79.24 0.8029K+06  13.60 198  79.24 0.1190E+07  13.99 |
L 139 92,39 0.80818+06  13.60 199  92.39 0.11938+07  13.99 )
3 uo 10747 0.8141K+06  13.61 200  107.7 0.1201E+07  14.00 i
A 41 12808 0.82108+06  13.62 201  128.8 0.12088+07  14.00 i
L 4z 8.4 0.82928+06  13.63 302 ld6.4 0.12168407  14.01 !
T 3 17007 0.83870+06  13.64 203  170.7 0.1226E+07  14.02
s e 1s9.) 0.8498E+06  13.65 204  199.1 0.12378+07 4.0 |
SR us 23201 0.8627M+06  13.67 205  232.1 0.1250E+07  14.04 ;
AN 146 270.6 0.87778+06 13,69 206  270.6 0.12658+07  14.05 ]
1 U1 nus.s 0.89331406  13.70 207  31K.8 0.1282E+07  14.06 2
- Mg 7.8 0.9157T+06  13.73 208 3¢7.8 0.13030+07  14.08
| 143 dao.e 0.DINEROC  13.75 200 4288 0.1327E+07  14.10 ’
S 150 300.0 0.9674R008  13.78 a0 sg0.0 0.19%4 '
5 151 dze.s 0.9982kv06 1381 23]  393:2 1+t e 1
l 132 367.8 0.10198+07  13.83 333 43 g:iamamdl it
: 133 31s.s o.lndoxeo7  13.88 312 3¢1.8 9.1406me00 .18
g 154 270.6 0.10878+07  13.87 3 0.14261+07  14.17
| 185 23201 0.1072k+07  13.89 234 270.6 et LI e Rt
1 186 199.1 0.10858+07  13.90  33% 2333 .ddsamer W8
187 1707 0.10982+07  13.91  3if 138 O:Mamay e
~ 158 1464 0.1108p+07  13.92 331 1941 g d4nitey 4.1
1 18 128.6 0.1314me07 13,92 318 l46.4 0.140%me0) W1
1 160 107.7 0.11210+07 13,93 313 12%.6 guad0medl .
2 161 52.39 0.11278+07  13.93 330 397.7 g.isgumor  u
| 162 79,24 0.11328+07  13.94 ba.3 9.13l4m0r 18
? 162 . g-11damho7 1384 322 s 0.1319m+07  14.23
}\ I R g.llrens0r L34 22y g1l 0.15230+07  14.24
; 165 20.00 0.1143E+07 13,98 228 %8.30 0.13218407  14.U
i 166 42,88 0.1146E407  13.98 32 30.00 0-1330ue07  H.u
i 167 36.78 0.1148m+07 13,98 338 42.38 S UV
, 168 31.88 0.1180m+07  13.9¢ 331 36.78 S.aBasme0l oM
; 165 27.06 0.11%2m+07  i3.9¢ 323 31.88 St 1 I S H
; 170 adal 0.1184meo7  13.9¢ 33 21.98 5T R T
3 1L 1881 0.1188me07  13.96 X AL P R T '
b 12 o 0.113¢pe07  13.96 331 1.9 0.13425.07  14.28
; 173 14084 0.1137meo7 1398 331 1% Q:idadm0r Wit
1 ¢ 12,86 0.11%8ms07 13,96 233 1454 Jeataamal it
] 17y 10,77 0.0189E+07  13.96 33§ 12:3¢ Q.adomer W2
k 176 9.239 0...80ms07  13.98 330 0.1 9-1d4sEol a2
3 177 7.9 0.1160mv07 1396 330 % RO
; 178 6797 0.1160B+07  13.86 334 1334 gradimor 4.2t
g 179 5.830 0.1161m+07  13.96 i35 5187 Seadmor  iw
240 5.000 0.13488+07  14.28
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V{ APPENDIX B. — HDL MECHANICAL INSPECTION FACILITY. !
n‘
3 The meclianical inspection facility provides a dimensional inapection capability for making intricate,
3 precise measurements of component parts and assemblies, whether made in-heuse or by outside 1
AR contractors. Services ure furnished to the Industrial Engineering Group by first-article sampling testing '
b and government acceptance gage calibration, and to the Calibration and Standards Branch by calibration \
3 ‘ of measuroraent instruments. Accuracy of measurement is ensured by the usce of high-precision, '
8 ‘ computer-gssisted electronic measuring equipment. All measuring equipment is calibrated on a regular
schaduled hasis by comparison to primary standards, traceable to the U.S. National Bureau of
b Standards.
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e Figure B-1, HDL Mechanical Inspection Faeility. %
Major items of inspection equipment and their o Optical depth gage g
= capabilities are as follows, Capacity, 10 in, in 1 in. increments; ]
. Accuracy, 0.000050 in. i
g o Coordinate measuring machine; three axis :
! Capacity, 30 in, X axis, 20 in, Y axis, 16 in, e Toolmakers' microscope
‘, Z axis, Accuracy, 0.0002 in.; Resolution, Digital readout, 0.0001 in.; Resolution;
k- 0.0001 in. Magnification, 50:1
- e Coordinate measuring machine; three axis ¢ Linear measuring machine
i Capacity, 24 in. X axis, 18 in, Y axis, 8in. Z Accuracy, 0.000010 in,
3 axis, Accuracy, 0.0005 in.; Resolution,
A 0.0001 in,
R o Supermicrometer P&W
M. o Viewing screen scope, coordinate measuring Accuracy, 0,0601 in.
i machine attachment, Magnification, 10:1
L and 20:1
L ¢ Internal-external measuring machine
. o 30 in. Optical contour projector Capacity — internal, 0.125 to 12 in.; ex-
g ! Digital readout, 0.0001 in. Resolution; ternal, 0 to 10 in.; Accuracy, 0,000001 ix.
i é Magnification, 10X to 100X
A
N o 14 in. Optical contour projector o Concentricity and surface analyzer
. s," Micrometer readout, 0.0001 in. Resolution; Roundness responses, 0 to 15, 50, 150, or
g:‘ ! Magnification, 10X to 100X 500 CPR average roughnens; Width cutoff,
Vo 0.003, 0.010, 0.080 in.; tracing, 0.005 in,
o s Profilometer, linear surface measurement per s; MM switching, 0.05, 0.21, end 0.53
‘ RMS, 0.003 in., 0.010 in., 0.080 in. cutoff mm; tracing, 0.108 mm/s; Accuracy,

selector

0.0000025 in,
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= o Hardness tester, Rockwell o Spring precision load testers ‘;
. Hardened steel and hard alloys Compression and tension

. o Hardness tester, Rockwell superficial ‘ . ; .
X Unhardened steel, soft tempered steel, grey ° ﬂemc g%‘o'io::p arison gage . ]
i and malleable cast iron, nonferrous metals N ) :

\‘ \ e Gage Blocks, Class AAA
- o Optical dividing head Calibration truceable to the U.S. National
i Acouracy, 2 s of are Bureau of Standards "
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APPENDIX C.- MANUFACTURER'S SPECIFICATION SHEETS. !

The manufacturer’s specification sheets for the triaxial accelerometer and the strain gage are
contained in this ap;«endix.
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APPENDMX C-1. — MANUFACTURER'S PRODUCT DATA SHEET

APPENDIX C

MODEL 23

850 milligram

Microminiature

PICOTRIAX®
ACCELEROMETER

Gonaral Deseription

‘The Endsvco” Model 23 is an exiremely small, adhesive mounted
triaxial accelorometer. Thres piezoelactric transducers are
maunted In mutually perpendicular axes lo provide a response to
motior: in any direclion. The small mass of the Model 23 allows
1t to measure the vibration oharacteristics of small test spacimens
ar lighiwaight, thin structures, reducing sHaeotively any lvading
eoffects.

Featuring a broad frequancy resphinse and wide range of ‘empera-
tura, the ascelaromoter also provides excellent mechanical iscla-
tlon {from case and cable atrain, and low pyroelecttic sensitivily,
Thrae low-noiss, ‘iv'd-replaceable oables exit from a aingle face
0! the trunaducer, Thay share a vommen connection with the
case to provide a shinid for the three sensing alements. The case
}s insulated from the mounting structure by a hard anadized sur-
tace. | any axis in damaged In une or handling, It can be replaced
" by the tuotory,

Specitications for Mouoi 23 Acawizrometer
(Agcording to ANS! and |52 U sndurds)

DYNAMIC (sach axlis)
Charge Sensitivity* .4 pC/g, nominal; 0,3 pC/g, minimum
Voliags Sensiiivily’ 1.6 mV/g, nomin.,

Freguency Rey, onse + 5% nominal, —8%, | 7% Mmaximum,
(charge)’ 5 to 10000 Hz, refersnce 100 He,

Moutited Resonance

50 000 Hz nominal

Fraquenacy

Transverse Sonsitivity 6% maximum

Amplitude Linearity, Sensitivity lnoruuwpvonlmu!'ly 1%
Q

2

Range per 250 pk p, 0 to &

Zaro Shitt! 1% of reading per 1000 g, approx!-
mately, 0 1o 2000 g.

ELECTRICAL (sach axis)

Transducer Capacitai:es 230 pF nominal, includin ¥ B-inch 30C3
cable asaembly

Reslstance 2000 Mi! minimum, at 72" r {22 C);
100 MU miremum, at 350"+ 1177 C)
Grounding All three signal grotinds common ta case,

iaxd anodize provides insulation on the
t suniing surfnce.

Insulation Res!stance’ 100 MQ minimum at 59 V do
Insulation CapacHatice’ 50 oF numinal

Wee Endaveor Model 2840. 2880 or 2701 Setiss Charge Ampidiers
MWith Biach 3003 cable sswembly ang A7 3005A cable uesvmbly

Hin shock Measuramenin, pulse dutation for hatl-sime or rangular pulyes Abould
exaued 0 10 me {o #vind pacensive high 'requency ringing. See Endevao® Plsao.
eluctriv Avesleromaeler Menuul

Hemporsty teto shifte miuy be e -..d by shock Suub ahilts will rewult i
erronguus date 1f the mignal w slcatromcally integratind to obtain valoeity ot
displacament informatiun

\Gignal groundu (case) o mounting wurfac

TYPICAL TEMPERATURE RESPONBE

Temperature

N The solid curve shows the nominal
T e . charge-temperature response. The
] B broken line shows the nominal voltage-
sg o —_— = e temperature responsa with the 6 inch
j A" - cablo and 300 pF external capacitanca.
ae) -n“

-%
“F ~100 0 i 150 360
"c -n 18 » ] I

TYPICAL FREQUENCY RESPONSE

The solid curve shows the typical charge-

{requency response of the Modat 23. The
- brnken line shows the nominal voltage-

ol fraquancy response with 350 magohm
lond and cable as supphed.
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APPENDIX C

APPENDIX C-1. MANUFACTURER'S PRODUCT DATA SHEET(cont'd)

Spacifications for Mede) 23

oo, 400 NOM
r— (182.4)

3003 CABLE
ABYEMBLY (MEPLACEABLE) —

#1.84 UNC-2A THREAD
MATES WITH ENDEVCO
J0RBA CABLE. CONNECTORS
ARE COLOA cORED.

IDENTIFICATION LABEL

T.— ‘%) —t

MOUNTING SURFACE

9% = |8 4

L— 017 + .09 DIA
)

™ o 4 20

_ wo 7@
O h whr [x@ ﬁm O l
Z

Palarity- Posiiive outpul for matian in
ditetion of srrows,

Dimennions in inghaa and {millimeters).
Toleranves: .XX}X‘X;‘ » $0.03 in., (404 mn;x
XXX (X XK) ~ 30,010 In. {:£0.28 men}

, PHY2ICAL
Deslgn
Welght

Orysial Material
Case Materiai
Oase Finish
Mounting

Connecicrs
Cable*

Accessories Supplled

Accessories Available

ANVIRONMENTAL
Acceleration Limits'
Temperaiure

Shear

850 milligram noniinal, without cables:
1.7 grams miiligram nominal, with 3 sach
8 inch (16 em) cable,

Piszite® Type P8

Aluminum Alloy

Hard Anodize

Adhesive, Use 18080 Acualerometer Re.
moval Tool, provided,

Special connectors male with 3003 Cable
Assembly,

Replaveable Ccaxlal Cable Assemnbly,
Mode 38, 8 inchas (18 om) long,
CRES sheath with Kapton® polyimide
jnckat, 44 pF nominal,

three sach Model 3008A-72 Low Noine
Coaxia) Cable Assambly, 8 R, (1,8m) long,
180 pF nominai, with maling connector
for 3003 musembly one end, 10:32 plug
on the olher end,

18060 Acceterometer and Cable R |
Tool

Base Straln Sensilivity 0,008 equivaient g nominal per u sirain

Magnetic Senailivit 0,0000 equivaient I gausas hominal at
d y 100 ﬂlU:l (101 T).'&.Hg

Acoustic Sensiiivit 0,008 squivaient g approximately, 40
» sitlvity da'spf ent g app ately, st 1

Humidity Sealed with sllicone compound, Tests in-
dicale 48-hour protection agalnst 97%
RH at 140*F,

Altivide Not atfected.

ICAUTION: Renioval of vable will expuse avcelatumeter lo enveunment Ses
tanniel {or remuoval metruutions

NWhen subjealed 1o high 3. low frequency vibietion, the cebles must ba tied
duwn se close to the sccelstamslet 83 poanble to prevent nable whip and
evantual cable failute

AWhite nolas, 75 (o G800 Hz 3 48 -~ 0 000F miutobar = 30 4 N/mé (Ps)

(o] toduct - npl that Endevio ransrve the right to
modily these specifications withoul notics

Model J0B0A Low Noise Extension Cable
Ansembiies

Model EJ34 Adapter, joins \wo 10-32 co-
axial plugs

Mods! 3093-12 Cable Asasmbly, aimitar
to Madel 3083 excepl {2 inches (03 m)
long, mnd with 10-32 sockel connectar.

10,000 g in any direction

Operating: —100°F to 300"F
{=73°C to 150°C)
Maximum: ~150°F to 380°F

(~101°C to 177°C)

RELIABILITY: Endeveo muintains a program of conatant surveil-

Iance over all products lo ensure a MR lavel of reliability, This

prograt. Includes atiention to reliabil z factors during product

design, the support of omnfom Quallty Control requirements, and

compulsory corrective action proceduras, These measures, lo-
elher with conservative spenificalions, have made the name
ndevao synonymous with relisbility,

CALIBRATION: Each axis is calibraled at room temperature fot
charge senailivily at 100 Hz, capacitance of ranaducer and cable,
maximum transvares senaitivity, and charge frequency response
from 20 Hz to 4000 Hz. Other caiibrations wuch an Tompersturs
Responee at —100"F (- 73"C), room lemparature, 230"F (121"C),
and 350°F (177'0) are available on wpiclal order. 8ed Catibration
Service Bulletin No, 301,

INQIVGOE
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APPENDIX C @
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APPENDIX C-2. STRAIN GAGE MANUFACTURER'S SPECIFICATION SHEET.

Entran Devices, Inc. oI e R

B8 Series Semiconductor Strain Gages :

The ES Series Semiconductor Strain Gages are available in both straight "Bar” ,
: W

and "U" typs configurations. Thay are fabricated from P-Type silicon and

[ 2

designed to afford maximm flaxibility with sinimum stiffening to the operating

systam, Laus than .0005" thick, the ES type gages are available in active gage

Sk onFr o i

lengths as muall as 0.020" with an overxall length of 0.040". The BS strain
gegec operate from -100°F to +500°F and will withstand a strain level of 2000

ek

micro-strain without damage.

Entran will apply the ES gages to your prototype or OEM parts in any configu-
ration from standard two or four arm Wheatetons bridges to custom specified

i e

srrangemants. Areas as small as 1/8" in diameter can be gaged with a fully

active four arm bridge. With constant voltage or constant current excitation,

input strain can be directly converted to a millivolt output. Tharmal zerd

shifts and thermal sensitivity shifcs can be compsnsated to specifications as
tight as 0.01%/°F over any opearating range. Entran can individually tailoz .
thermal compensation to edch unit or system u\d supply the associated compen-

sation circuitry in an extarnal module or integral with the system.

specifications for the ES Saries Semiconductor Strain Gages are listed on the

reverse side of this bulletin. Por additiona) information or specific

quotations, contact Entran directly.

J ‘ 145 Patoresn Avenue
. Linte Palis, N.J. 07484 . ;
Accelersiion/Ferce/ Pressure (901) Y05-4000 a §

* 6l

. . T
e b 1 ("" \;{,; _‘,("vJ,\! ‘

i . Lty
Brann e E e :i.zum.--r.'»:u:.)-.e;




APPENDIX C

APPENDIX C-2. STRAIN GAGE MANUFACTURSR'S SPECIFICATION SHEET. (Cont'd)

NOMINAL a.r. ACTIVE o o
MODEL NO. RESISTANCE GhGE GAGE TOTAL wIDTH ™PS
OlMS FACTOR LENGTH LENGTH
£88-020~120 120 4140 0.020" 0.040" o0.010" r .
£33-020-200 200 ¢110 0.020 ©0,040* 0.006" ’
ESU-025=500 so0 +133 0.02%" 0.0%" 0.004" » “
ESU=030~x500 300 +140 ©0.030" 0.060" 0.020" L4
ESU~-030-500 300 +125 0,030 0.080* 0.014" ]
ESU-0)0-R1000 1000 +155 0.030 0.080" 0.020" ’
ES3-030=120 120 +110 0,050 0.080" 0,008" ’
£83~050-500 500 +143 0.0%0" 0.080" 0.008" »
E8)-160-120 120 +120 0.1¢0" 0.2%0" 0.020" ’
£33~160-3%0 350 +13%  0.160" 0,2%0" 0.008" »
ESV-160-350 350 4120 0,160" 0,225 0.024" ]
£S0-160-1000 1000 +140 0.160" 0,250" 0,006 »
HOOEL NUMRER CODE
111 - 020 - 200
Cerfiguration Active Gages Length Resistance
X .001° Ohma
“E58" Type “ZSU* Type
Ep— _f ——A——
-srnmm— g
v T
GAGE TYPL: P=Type filicon !
THICKNESS: 0.0003" nowm.
WATTAGE RATING: 0

MAX IMUM BTRAIMI
LEAD WIRE:
Available in:

2000 Micro=-Strain
Gold or equivalent

Matched sets of four gages and OIN
unmatched quantity pricing.

Contact Entran for upecilic quotation.

o el A U
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L
Table C-1. Equipment for S&A Device Vibration Test ‘% ‘
AMPEX TAPE RECORDER HDL 38662 4
CEC RECORDING OSCILLOGRAPH HDL 30280
HONEYWELL GALVANOMETER AMPLIFIER DOFL 17407, 17406
HP AMPLIFIER 465A HDL 34987 b
GULTON TIMER HDL 36915 g .
KEITHLEY 102B DECADE ISOLATION AMPLIFIER HDL 28477 i
. KEITHLEY 102B DECADE ISOLATION AMPLIFIER HDL 28476 ¥
S HP 427 AC-DC VM HDL 39412 A
b ) \“ ,ﬂ
LING SHAKER |
ENDEVCO CHARGE AMPLIFIER 2730 ;
ENDEVCO SHOCK AMPLIFIER 2718A HDL 29978 i
Loy ENDEVCO SHOCK AMPLIFIER 2718A HDL 34214 g .
g ENDEVCO SHOCK AMPLIFIER 2718A HDL 26675 i
T KEITHLEY 102B DECADE ISOLATION AMPLIFIER HDL 22690 ﬁ
wod HP 6206B DC POWER SUPPLY
w GOULD (BRUSH) PAPER TAPE RECORDER HDL 34109
G BALLANTINE PRECISION CALIBRATOR HDL 24891 ‘
q? HP ELECTRONIC COUNTER 5212A HDL 25307
5 § KEITHLEY 102B DECADE ISOLATION AMPLIFIER DOFL 21384 ! ‘
ok KEITHLEY 102B DECADE ISOLATION AMPLIFIER DOFL 16758 ; :
L
i
i
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4
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4
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APPENDIX D. — ANALYSIS OF WEAR ON ARMING TIMERS,
BY LAWRENCE P. McGINNIS
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D-1. FIRST ANALYSIS - 18 FEBRUARY 1977
At the Harry Diamond Laboratories’ (HDL)

former site in Washington, D.C., the wear of the

timers was measured by washing them in methanol,
acetone, and, if necessary, in benzene, The wash
liquids were passed through a weighed filter paper.
The paper was placed in a constant humidity
desiccator and then reweighed — the difference
being the weight of the metal particles of wear from
the timer, The filter paper was quite sensitive to the
relative humidity (RH) of the room, and its weight
changed greatly. The method was not workable.

Samples F-1 to F-8 were run as above. The
metal collected was less than the weight change in
the paper. The residue was checked by use of a
microscope, but no conclusion was reached.

Sample F-O was run by itself, On this sample, u
blank was used. In addition, the paper (test and
blank) was weighed several times over a week, and
an average “empty” weight was taken, The run was
made as above, and ugain the weight was taken
over several days and averaged, By this method, a
residue weight of 0.0076 g was achieved, This
weight was, however, not considered satisfactory,

On sample F+10, the spent liquid was decanted
slowly into another beaker, and the timer was
washed with methyl alcohol, acetone, ete. The
washings were set uside. All the residue was
washed off with methyl alcohol into a weighed
erucible; then the reridue wus dried and welghed.
The washings were pussed through a No, 42 filter
paper that had been treated as in the F-9 sample so
that very fine purticles in suspension vould be
caught. The residue in the crucible was 0.0008 g
and on the paper, 0.0028, making a total of 0.0096
g At present, this is the best method to use.

Since other samples will most fikely be processed
in the same way, the condition of the new building
at the HDL Adelphi, MD, site hae been checked.
The RH of the room is quite constant = ahout
20 parcent. A large desiccator has been set up with
H, 80,-H;Os0 that at 24 C, the RH is 20 percent.
Thie is close to the RH of the room,

APPENDIX D

D-2. ANALYSIS OF AS-DELIVERED TIMERS ~
31 JANUARY 1978

Three “as-delivered” timers (F-38, F-48, F-58)
were unalyzed with t.e recommended procedures
that had been used on other timers,

The purity of the timers was in question, They
had ‘been handled, examined, dismantled, and
reassembled. They were not subjected to the TV
test. -

The impurity of the timers is shown in table
D-1. The closer the net results are to zero, the purer
are the timers, The gross loss is several milligrams.
The total particles are about 1.5 mg, leaving &
discrepancy of about 5.5 mg —- here called *oil.”
The coarse particles are dirt, Examination with a
magnifying glass shows some very fine pieces of
fiber, as if from a brush. No metal pgriicles ware
found, Organic dirt may be present, since after
cleaning, the parts secemed a little brighter. This
visual observation could not he checked. This fine
dirt could have been carried over into the fine
particles or, if voluble, burned off and counted uy

oil.

In reporting the results, blanks are not given—
only the net results, ‘The blanks are reporied here
{0 emphasize the result of improper handling of the
timers, The blanks show the amount of impurities
that are picked up from the reagents or from the
improper hundling of the solution in the analysis,
The net results in this case, since these timers ure
considered to huve arrived “pure.” show the
amovul of impurities that the timers picked up in
the prehundling (amount of econtamination caused
by human contact). Since the timers are washed in
solvent with a brush (not seraped), it would not be
hutmful to have the visual inspection after the
unalysis, This would produce better rosults, There-
fore, the recommended procedure is to anulyze the
timers without prior handling,

-3. ONE METHOID OF ANALYSIS USED
ON ARMING TIMERS

‘The wrerning timers ure unulyzed for metad parti-
cles W detormine the amount of wear caused by the
transportation vibration (TV) test. In thin analysis,
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APPENDIX D

Table D-1. Virgin Arming Timers (All weights in grama)

Timer No.

Analysis F-38 F-48 F-58 Rlank
Timer dried (70 C) 59.9836 60,1101 60.2251
‘Timer washed in solvent 59.9778 60,0982 60.2168
Grosa loss 0.0058 0.0119 0.0083
Beaker empty 12,6503 13,6220 13,6210 13.4508
Beaker and residue 12,6520 . 13,6242 13,6234 13,4515
Gross large particle 0.0017 0.0022 0.0024 0.0007
Blank 0.0007 0.0007 ___0.0007
Lurge particles 00010 0.0015 00017
Crucible empty 10,8659 10,8725 10,4391 10,8084
Cruoible full 10,8671 10,8736 10,4408 10,8098
Gross finos 0.0012 0.0011 0.0012 0.0009
Blank 0.0009 0,0009 0.0009 -
Finea 0,0003 0.0002 0.0003
laurge purticles (ubove) 0.0010 0.0015 0.0017
Total particles 0.0018 0.0017 0.0020
Grows Joss (above) 0,0058 00119 0.0083
Total particles (above) 0.0013 0,0017 0.0020
Difference “oil" 0.0045 0.0102 0.0063

it Iv expected that general analytical cure und
techniqnes are to be used av outlined in any
analytical test.}:2

The balunce used is of the analytical type. It
should be acourate enough to duplicate weighingy
to 0.1 mg, This balance should have & capacity of
200 g. Items to be weighed are not touched with the
fingers - tongs sre used, since fingerprints have
weight,

The desiceator used should be airtight and
charged with a good desiccant such as “Drierite.”

All glass and porcelain used are to bz “chom-
ically clean” and free from scratches, They are to
be washed in any good detergent, rinsed well with

1 )

Wiliam F Blidebrend wt ol Apphiod Inarpaisie Aralysis, Inid véition,
nvised by Lundoll, Brighs, ot sl New York, Wiby orud Soua (1983},

300k M. Kolihatf o Krmeet B, Sandall, Tasibeak of (nantiletive Insrgunic
Analysin, McMillen Ca. (1943)

tap water, and then washed with a sulfuric acid
dichromate solution ® (use care because this solu.
tion is very corrosive and will attack clothing and
skin). Rinse thoroughly (8 or 10 times) with tap
water, then with distilled water. 3 times. (Rinsing
many times with small quantities of distilled water
in more efficient than fewer rinses with larger
quantities). Turn upside down on o towel to drain,
If in u hurry, rinse ugain in ethyl alcohol, drip dry,
and place in an oven at 110 C, A beuker a0 treated
should show no droplets when wet. If it does show
droplets, it ir not clean and must be cleared again,
The most convenient beaker wizes are 20, 250, and
wll 400 ml. The 20-ml beakers are used ue
crucibles; hence they get special treatment,* They

) Hendbook W Chemistry and Physien, Chemical Nibber Company, d9h
oditien {1968/09).

e bovt 20-m! b wher fusind by the sihar was by Corning (Cotalag No, 1000,
20wl G,
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are to be marked a0 thut the markings will not come
off, (For example, their etched areaa can be alter-
nately marked with a No, 4 pencil and wiped off.)
Place the beakers in a muffle oven at & temperature
within the range of 250 to 300 C, When in the
muffle, cuver with a lid. After about an hour,
remove and place in a desiccator to cool. When
cool, weigh. Repeat until the weighings are within
0.1 mg of each other,

Coor's poreelain No, 0 is the best size ciucible to
use. The cruciiles are to be washed in a detergent,
then boiled in u 1:1 solution of hydrochloric acid,
rinsed with tap water, then with distilled water, and
fired over u Meker burner or in a muffle furnace at
~800 G for ~) hour. Remove and place in a
desiceator and let cool for about an hour, Repeat
the heating and cooling until the weights are within
0.1 mg of each other,

The solvents culled for are to be of American
Chemical Society type = that is, the kind or
quality used in analytical chemistry. The three
used are methanol, benzene, and ucetone; when
called for, distilled water is used, There may be
some criticism of the use of benzene since it is a
health hazard. However, all the solvents should be
used in 4 hood, When not in a hood, the beakers
should be covered with Saran™ wrap held in place
with a rubber band, With the hood and the Saran
there should be no danger, The benzene should not
be omitted, since it is an excellent grease dissolver
and it can be obtained in a very pure form,

The timers are placed in a drying oven at a
reasonably low temperature. The author used 70
C. This removes any moisture that may be present
and, at the sume time, does not decompose ' 2 oil
on the bearings, Afier about 1 hour, the timers are
transferred to the desiccator, Let cool 1 hour, then
weigh. Repeat the heating and cooling until con-
stunt weight (0,2 mg) is obtained. Because & timer
could damage the halance pan or knif: edges if it is
accidentully dropped (its weight is ubout 60 ), it
should be handled by hand rather than with a pair
of tongs, A finger cot or a piece of clean paper could
be used in transferring the timer from the desic-
cautor to the balance to avoid the addition of oil or
perapitation from the fingers.

API'ENDIX D

The timer can now be taken apart with the
fingers. The lids can casily be taken off with a
pocket knife. Because sume of the small springs
could easily be lost, it is best to take the timer apart
in & box. Separate the parts carefully and place
them in a 250-ml beaker. The parts are now
coversd with methanol and allowed to stand for 1 to
2 hours; the mixture should be stirred several
times. Since this might be a convenient place to
stop, the mixture could be left overnight, but the
beaker should be covered with Saran,

The methanol, along with uny loose particles, is
drained into s tall 400-ml beaker, The dummy
primer is not removed, as it will be harmed by the
other solvents, Set the primer aside in o small
besker until the last weighing, To thu beaker
containing the parts, add enough benzene to cover,
Thebeal:er is then covered with wrap and placed in
u shaker for 2 or 3 hours. It could then be left
overnight. If a shaker is not available, the cleaning
time can be lengthened to a day and the mixture
stirred now and then, Sinoe this is the main grease-
dissolving procedure, it should not be rushed.
When finished, romove the cover (in the hood) and
pick each piece up with a heavy pair of tweezers or
long-nosed pliers, and biush each piece with a
small stiff brush, In these tests, a glue brush 7/8 by
3/4 in, was used. The parts should not be scraped,
Each part is removed and placed on a watch glass,
Then the benzene and any particles are transferred
into the 400-ml beaker with the methanol, washing
any sediment into the beaker with a stream of
acetone from u wash bottle, All the parts are then
transferred back to the 250-ml beaker with care, so
a8 not to lose any of the small parts, The parts are
then covered with acetone and set aside, but are
stirred soveral times. The shuker cun be omitled,
As before, wash the acetone into the 400-ml
beaker, washing uny particles with a stream of
acetone. Repeat the acetone wash two more times.
After completing the wushings, transfer the parts to
an aluminum weighing dish, or other suitabla
container, along with the duram) primer, and
place the container into th+ %, , > » van aa before;
then weigh the parts as b ore, Repeat the drving
and weighing untii constunt weight is reached, as
before. Remove the purts und weigh the dish with
care. Froni the total weight, subtract the weight of
the dish; this is the weight of the clean parts.
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APPENDIX D

To another tall 400- or 500-m1 beaker, place an
amount of methanol, benzene, and acetone equal to
the amount used in the sample. This is the blank.
One blank is enough for any group of samples run
together. This blank can be placed on the back of
the steam bath, or low hot plate, with a loose cover.
Cover closely enough to keep out dirt, but allow the
solvent to be slowly evaporated. Do not allow the
solvent of the samples to evaporate — keep them
well covered with plastic wrap und a rubber band.

Allow the washings from the samples to stand
for 6 hours or overnight (it is important that they
not be moved), Make a device (us shown in fig, D-1)
to suok up most of the solvent, leaving about 25 ml
or 80 In the bottom, Add about 150 ml of acetone tv
the sample, Stir and ugain let sit 6 hours or
overnight, and treat as before. Do this three times
with the acetone, All the sucked-up washings from
one sample are returned to the original beaker,
covered loosely, and placed on the steam bath to

Glass tubing

Frer. ooy b0 4 bt i 1301

400 or 600-mi beuker Erlenmeyer flask

slowly evaporate. Be sure to add an equal amount
of acetone to the blank as was used in the washings,
which are ulsc allowed to evaporate slowly, Keep
loosely covered to protect the residue,

The residue, ulong with the metal particles, is
transferred to a weighed 20-ml beaker, with a
stream of acetone. It Is evaporated to dryness on
the steam bath and kept clean., The beaker is
replaced in an oven and heated st about 70 or 80 C
for about 1 hour, desiceated, and weighéd. Repeat

the heating and cooling until the weights are within

0.2 mg or less of each other.

The beakers and the blank contuining the sol-
vent are placed on the back of the steam bath or on
u low-temperature hot plate and ovaporated almost
to dryness, The residue is ronsferrod to a weighed
crucible with the aid of a fine jet of acetone from
wash bottle, The cruoibles are evapurated to dry-
ness on the low hot plate,

To Aspirator

Safety bottle

Figure -1, Apparatus to neparate selvent from metal particles,
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To this point, the beakers have not been
“policed,” although this is necessary, However, the
acetone seems to react with the soft-rubber-tipped
glass rod used to dislodge particles from a beaker
80 o to quentitatively transfer them to the crucible.
Therefore, the beakers ure washed with a fine jet of
distilled water from a wash bottle, collecting all the
water in one beaker (of the samo run, of nourse).
With a few drops of water, police each beaker with

.the giiisu rod, and wash each heaker with a small

amount of the water, combining the water into the

_crucible, a bit at & tiime, allowing the water to

evaporate, When the orucible is dry, wipe the
bottom with & clean oloth or a piece of filter paper.
Place over a Iow flame and burn off the carhon, Ifa
muffle is used, vet the temperature at about 400 C
with the lids ajur und the door partly opon to ellow
air 1o get in, When the carbor is gone, close the
door and ruise the temperature to 600 C, no higher,

" If heating the crucible over a flame, raisv the

temporuture until the cruvible iv a dull red. Rotate
the crucibls with a pair of tengs to remove uny
bluckness, but do not heat too high, This is
important, since much of the fine particles may be
zine, which cun be vaporized easity, In fact, zine
boile off at 900 C completely. When finished,
remove the ¢rucible and plucs in u desicoutor to
cool, Weigh in ¢bout 1 hour, Repeat the heating
and cocling until the weights are within 0.2 mg of
each other,

The weight of the timers ut the beginning of the
unalysis minuo the weight of the timers in the clean
state is ihe *Total Weight Loss.”

The weight of the 20-ml beaker ufter the metal
particles are collected minus the weight of the
beaker in the initial state is the weight of the coarse
purticlee. Label accordingly.

The weight of the fired crucible full minus the
weight of the fired erucible empty is the uncor-
rocted weight of the fine particles. 'This weight

APPENDIX D

minus the blank, figured the same way, is the
corrected weight of the fine particles. Label
accordingly.

The weight of the coarse particles plus the
weight of the fine particles is the weight of the total
metal particles. This is o measure of the amount of
wear caused by the TV iest, Label this “Total,”
“Coarse,” “Fines,” and “Total” are all sub-titles

‘under “Metal Particles Found."” The “Total” sub-

wacted from the “Total Weight Lost" is the amount
of oil, Label this “Oil.”

The figure giveu for the cvarse particles is the
most accuraic and is 90 percent of the weight
needed to measure the amount of wear caused by
the TV test. The “Fines” acoount for 20 percent or
1sss, but they do have the most «rror. The metal
purticles, for the most part, are composed of zine
and aluminum, If the fine partiolus are heuted too
high, there i the danger thet some zino is lost and
some of the aluminum is changed to oxide, If the
metal particles ure not heated enough, there may be
some carlion loft, In addition, we assume that all
the oil burns off. The organic part of the oil does,
but some oils may have such ndditives us sodium
salts, and these would be left, It can by ssen that
some of the errors are additive while cthers are i&u
negative application. Howover, since the fines acv
at the most only 10 percent of the total mutal
particles, the orrors may neutralize cach other.
Further correction is not advised, The main con-
sideration is to huve a good vinlue to uct us a
measure of comparison hetween samples,

As can be seon, the oil is found by difference. All
the errors in any part of the unalysis will fuli on this
section, For examply, any of the ulkal: salts, such as
sodium, that may have been iy the oil will be found
and counted as fine particles, A knowledge of the
original oil used might help clear this up somewhat
but is probubly not necessary.
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APPENDIX E
TABLE E-1, §&A VIBRATION TEST DATA, April 13, 14, 1977
Start Time End Time Duration| Tape | Tape
EVENT Recorder | Reel
D H M 8 D H M S (Min)(s) | Channel } No,
Calibratien 102 11 13 23 102 13 a2 53 58 27 l
Run-l Test-1 102 14 9 01 102 14 38 54 30 2.7 1
) Calibration 103 9 10 41 108 20 40 141 2.7 1
Run:l Test-2 103 9 24 15 103 54 0l 30 27 1
Calibration 108 10 10 12 108 10 20 51 3.37 277 2
Run.1 Test-3 103 10 40 20 108 1 10 20 30 2.7 2
8 Calibrution 104 11 16 09 104 11 40 68 459 2.7 2
L 5 Run? Twel 104 13 38 40 104 M4 110 11 0 27 2 e
"4 . Calibration 104 14 352 15 104 15 02 25 29 27 B
pii%. Run-2 T2 104 15 08 80 104 15 33 %0 30 2.7 .
( \‘! Run-2 Test-3 104 15 41 30 104 16 12 16 30 27 3
i [ Channe! Not 1 2 3 4 6 6 1
;; f‘ Dita IRIGB Freq ComtAc As-d Ad-Y AceX Gage
» {‘[ 1
Run Number indivates position of aceelerometor un S&A device  See Figure 1, body of repent,
“ ! Run # 11 Acgelerometer upposite (180°) atrain gupe
A‘ : Run # 2! Accelsrometer adjucent (90°) strain guge
)‘ 3 Teat Number indicutes pusition of devive un shaker tuble See Figure 1, body of report.
“ Toat-s Device on top of shakar, Z-component verlical
i; ' Tuwt-2i Device un side of shaker, X-vomponent verticsl
' Tunt-81 Devlce on side of shaker, Y-component varticul
3
. B 0
hox
N |
Nl rl I‘
.
3 T
A
) X
g |
N
1
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AFPENDIX E

TABLE E-2. ACCELEROMETER TEST DATA MAY 12,1977

Sturt Tim
EVENT : Hw't Me - - HEnd 'I‘;;ne . D(\:)miongcg:;::gm ';:5 Notes
Mode_ { No.
Calibration
Strain gage 7-FM
1MVEMS) {102 11 13 23| 102 11 13 34 11 7-”M 1
200 102 11 12 3 | w2 1 13 34 | 035 7-FM 1
300 102 11 13 34 | 102 1 13 40 6 7-IM 1
X Channel Tri-Axial Accelerometet
300 (MV RMS) 102 11 14 47 102 11 14 00 13 6-FM 1
200 102 11 14 00 102 11 14 04 4 6-FM 1
100 - 102 11 4 04| 102 11 14 11 7 6-FM 1
Y Channel Tri-Axial Accelerrmeter
500 (MV RMS) 102 11 17 23 | 1002 11 17 35 12 5-FM 1
400 102 11 17 351 102 11 17 a8 3 5-FM 1
300 - - 17 38 - - 17 42 4 8-FM 1
200 - - 17 42 - - 17 46 4 5-FM 1
100 - - 17 46 - -~ 17 49 3 5-FM 1
Z Channel Tri-Axial Accelerometer
1000 (MV RMS) 102 11 18 42 102 11 18 57 15 4.FM 1
800 - - 18 57 - - 19 03 5 4.FM 1
600 - - 19 03 — - 19 07 4 +FM 1
400 - - 19 07 - - 19 11 4 4.FM 1
200 - - 19 11 - - 19 16 5 4-FM 1
100 - - 19 16 - - 19 21 5 4-FM 1
-~
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APPENDIX E ,
b
TABLE E-3, S&A TEST DATA, May 12, 1977 q;
Stari Time - End Time Duration § Recorder | Tape’ "
EVENT hannel No.| Reel | Notes ¢
D H M s |D H M S ® Mede | No. #
- Calibration %
Contro] ki
Accel. Channel g
- 500mVRMS) [102 11 21 22 [102 1n 2 82 10 MM | 1 4
400 - = 2 |- - 2 s 3 P | 1 3
300 - = 21 3| - - 21 38 3 SFM | L 3
200 - = 21 8= = 2 4 3 sfM | 1 i
100 -~ = 21 4| = =~ a & 4 BFM [ 1 4
Frequenoy Channel g
500Hx/1V de 102 13 30 00102 13 30 31 81 2 | 1 &
400H/.8V de - - 3% 3 - - 31 00 29 2.FM 1 a
S00HV.6Vde |~ =~ 8t 00| - - s a| a | 2m |1 )
200HY4Vde [~ = 81 a1 ] - —~ & s ] 30 2FM | 1 3
100 Hy/.2V do - =~ 31 51| = = 38 25 36 M | 1 )
3 2 Ha/= OV de -~ =~ 82 25| = = 32 353 28 2 |1 g
o RUN # 1 i
S TEST 1 102 14 9 0l |102 14 38 54 |=30 anL 2.7 1 )
- f Calibration ¥
- 500 ]
- & ZCH. (mVRMS) J108 9 10 4 J103 9 11 05 24 M | i
-0 500 .
! YCH @VRMS) [18 o 13 10 )13 9 15 26| 16 | sim | 1 !
: 500 :
! XCH mVRMS) 103 9 15 o1 | 108 9 15 17 16 6FM | 1
300 mV RMS !
StrainGageChannel[103 9 18 57 [ 103 9 19 10 13 2FM | 1
s Frequency Channel
500H¥/1Vde 103 9 20 08 108 9 20 40 32 2FM | 1 :
RUN # 1 !
TEST 2 108 9 24 15|18 9 54 of | =a0omm| 27 | 1 |CombAx : |
Ch. Bad : "
Calibration : .
Frequancy Channel ;
500Hw/1000mVde|108 10 10 12 | 108 10 10 32 20 20 | 2 :
400Hs/800 raVde {103 10 10 51 | 103 10 11 11 20 2FM | 2 :
300Hi/600mVde [108 20 11 13 ] 108 11 11 40 27 26M | 2
200H/400mVde [203 10 11 40 | 103 11 12 02 22 2FM | 2
100H8/200mV de {103 10 12 02 | 103 11 12 26 24 2.FM 2 ‘

ki




APPENDIX E

TABLE E-3, S&A TEST DATA, May 12, 1977 (Cont'd)

Start Time End Time Duration | Recorder |Tape
EVENT hannel No.| Reel |  Noutew
D H M s. | D H M 5 (») Mode No,
Z Channe} Tri-Axial Accelerometer (‘:’;"3:3' -
500 (mV RMS) 108 10 16 6§ 1103 10 16 15 10 M 2
400 108 10 16 15 108 10 16 21 6 4-FM 2 ‘e
300 103 10 16 22 108 10 16 27 5 4-FM 2
200 103 10 16 27 108 10 16 31 4 4-FM 2
100 103 10 16 31 108 10 16 34 3 4+FM 2
Y Channcl Tri=Axial Accelerometer
500(mVRMS) 108 10 17 39 [ 103 10 17 44 5 5-FM | 2
A 400 103 10 17 44 103 10 17 48 4 5-FM 2

300 103 10 17 48 103 10 17 82 4 5.-FM 2
200 103 10 17 52 103 10 17 55 | 8-FM 2
100 108 10 17 56 | 103 10 17 58 3 5-FM 2
X Channel Tri-Axial Accelerometer
500 (mV RMS) 108 10 18 55 | 108 10 19 08 13 6-FM 2
400 103 10 19 08 103 10 19 09 1 6-FM 2
3800 103 10 19 09 103 10 19 12 3 6-FM 2
200 108 10 19 12 108 10 19 15 3 6-FM 2
100 103 10 19 15 103 10 19 18 3 6-FM 2
Calibration
Strain Cage Channel
500 (mV RMS) 163 10 20 21 103 10 20 29 8 -FM 2
400 - -— 20 29 - - 20 35 6 7-FM 2
300 - -— 20 35 - - 20 41 6 7M™ 2
200 - - 20 41 - -— 20 46 5 7-fIM 2 .
100 - -— 20 46 - - 20 51 5 7.FM 2 )
RUN #1 N
TEST 3 108 10 40 20 103 11 10 20 | = 30 min, 2.7 2
Calibration
Strain Gage Channe)

10mVRMS) 104 11 16 09| 104 11 16 16 6 7-FM

20 - - 16 16 - — 16 22 7 7-FM

30 - - 16 22 - — 16 30 8 7-FM
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APPENDIX E
| |
TABLE E-3, S&A TEST DATA, May 12, 1977 (Cont'd) f
Start Time End Time Duration | Recorder |[Tape
EVENT hannel No.|Reel | Notes
. D H M S|D H M 5| Mode | No. ;
| Calibration | ) M
e ; Y Channel Tri-Axial Accelerumeter
L 10mVRMS) [ 1046 11 20 o090 |14 11 29 1 2 M | 2 . *;‘
i | 20 - = 2% N| = = 2 12 1 &FM | 2 g
1 30 - = 29 12| - = 22 14 2 &M | 2 '\ 1
{ 40 - = 29 | =~ -~ 29 16 2 5-FM 2 : ‘ ,
. 50 - = 29 16| =~ = 29 18 2 5FM | 2 {
T 60 - '= 2 |- - » | 2 | sm |2 J ;
I 70 - - 29 2| - - 29 2 2 M | 2 i
. 80 - - 29 2| - - B 22 2 siM | 2 { 8
! " 90 - = % #| - = 2 2 2 M | 2 | 3
A 100 - - 2 | - = » 3 2 | sM |2 ] ]
L 200 - = 29 0| - - 8 2 sM | 2 ! =
300 - = 29 82| = = 29 34 2 5-FM 2 é‘ ,
T 400 - - W M| = = 29 %6 2 PM | 2 !
S 500 _- - 29 36| = - 2 8 2 M |2 5 4
b 600 - - » 8| - - » w| 2| ™ |2 !
E 700 - - B W - - 2 2 s5FM | 2 |
. 800 - - % |- - 9 «“| 2| M |2 |
. 900 - -~ 2% #“u| - - 29 2 5M | 2
q 1000 - - 29 4| - - 2 50 o | s |2 1
). Calibration 1
¥ Z Charinel Tri-Axial Accelerometer !
9 OmVRMS) | 106 11 38 41| 104 11 3B & 3 oM | 2 k
. 20 - - 3B 4] = = s 4 1 oM |2 : B
30 - - 8 4| - - 8 @] 2 | em |2 o
3 © - - B 41| - = m 4 2 | oM |2 3 )
50 - - 8 ®| - - m 8 ¢ | & |2 ;
- 60 - -~ 8 81| -~ -~ 38 5 2 M | 2 |
L 10 - - M 8| - - 3 =& 2 | e |2 ;
E 80 - = 38 85| ~ -~ 338 & 2 | e |2 "
A 9% - - # ;| - - 8 58 2 | e |2
i 100 - - 8 % - - » a 2 | e |2
A 200 - = » 0| - - 3 o 2 | e |2
X 300 w = 9 M| - - 3 06 2 | «m |2
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TABLE E-8, S&A TEST DATA, May 12, 1977 (Cont’d)

Start Time End Time mrubl]cﬂmder Tape
EVENT : hannel io.| Reel | Notea
P H M S| D H M s ® Mode | No.
: 400 - = % 0| - - 3 08| 2 M | 2
500 - = 8 08|~ =~ 38 10| 2 | em |2
" 600 - - % 10| - - 3 12| 2 4 | 2
700 - -~ 8 12| = - 3 W 2 M 2
800 - = % U] - « 3 16 2 M | 2
900 - = 3% 16| = = 39 18 2 &M | 2
1000 - = 3 18| - -~ 8 2 4 &M | 2
Calibration
Frequency Channel .
; SOHe/®OVde 104 11 40 25 | 104 11 40 35 10 2-FM
' 500 Ha/IV de 4 11 40 43104 11 40 58 15 MM | 2 o
RUN # 2 hadread. g
TEST1 | 104 13 38 40 | 104 14* 17 17 |®E0min| 27 2 | ingfrom '\#;-e
- T.C.G. -~
Calibration U
10mVRMS) [104 14 52 15 | w04 14 B2 17 2 M |8 :25 ]
20 - - 52 1|~ = 882 2 M | 8 e
80 - = 52 1| - = 52 2 2 M | 3 ,\'{1 ]
40 - - 82 |- - 52 2 2 M | 3
- = 82 2| = -~ 52 25 2 7.fM | 3 A
- - 52 |- - 52 n 2 M | 3
- - 52 2] = = 352 2 2 M | 3 » ]
- - 82 |- - 2 3 2 M | 3 o N
- = 52 | - = 52 3 2 M | 8 71%
- = 52 3| - -~ 52 3 2 M | 3 ks "
- - 82 %[ - - 52 38 2 MM |8 k1 ;
- - 52 8| - - 52 & 2 .M | 3 b
- - 52 40| - - 52 4 2 7™M | 3
- - 52 4| = = 52 4« 2 M | 3
- - 52 #| - - 32 1 7iM | 3 ;
- - 52 | - =~ 52 & 1 MM |3 : ¢
- - 82 |- - 52 & I I VI i
- - 52 4| - - 52 & 2 72 | 3 £ 3
- - 52 | - -~ 52 53 ' M | s 3: ¥
8l ' \’
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APPENDIX E

TABLE E-3, S&A TEST DATA, May 12, 1977 (Cont’d)

! Start Time End Time Duration | Recorder [Tape
, EVENT Chunnel No.J Reel | Notes
: D H M S D H M s () Mode Nao, .
Calibration
X Channel Tri-Axiul Accelérometer ) :
1I0mVRMS) | 104 14 54 08 104 14 54 05 2 6M | 3 {
20 - - 54 05| -—= ~— s 07 2 oM | 3 "
30 - - 5 0| = = 5 W 2 M | 3
40 - - 54 | = - s 1 2 kM | 8 _
50 - - & n|= - & 1 2 | em |8 ;
! 60 - = 5 13| = 5 15 2 oM | 3 !
70 - = 5 15| = = 54 17 2 oM | 3 '
1 80 - - 8 11| = = 5 B 2 oM | 3 i
; 90 - = 3 19| = = 5 2 2 oM | 8 ‘\
; 100 - ~ 5 2| = - &8 2 2 oM | 3 i
200 - = 5 2| = - &4 2B 4 kM | 3 i
800 - - 64 2| = - 5 3 8 6FM | 3 ;| !
400 - —- s 8| = — s s 3 | erm |3 { ‘;
2 500 - - s 8| =~ = s 3 oFM | 8 :
: 600 - = B4 3| = = 54 3 2 oM | 8 3
] 700 - = 84 B3| = - 8 4 2 6fM | 3 1
- 800 - = & 41| -~ — 54 43 2 oM | 3
900 - - 54 4|l = = 5 4 2 6FM | 3 |
: 1000 - - 8 4| - - 5 ® 3 oM | 3
Fﬂl Calibration '
. Y Channel Tri-Axial Accelerometer
X I0@mVRMS) | 104 14 &7 33 |04 14 57 a6 3 EM | 3
’, 20 - = 57 36| - = 57 M 12 SEM | 8 "
& 30 - - 5 4| - = 87 s 7 M | 3 ' i
. ) - = 51 85| = = 57 5 3 | sem |8 sk
s 50 - - 57 8| - - s w 2 siM | 4 ' &
- 60 - - 8 |- - s 2 | seM |3
i 70 - - s |- - s o 2 | sm | s ; :
::, 80 - =~ 58 04| = = 58 0 2 S6M | ¢ !
%0 - — 58 06| = .- 54 o8 2 siM | 9 ;
100 - - 58 o8] - - s 12 4 seM | 3
i 200 - - 8 1] = <« s 16 3 5M | 3 §
300 - - S 6l = - 54 W 4 5FM | 3 4
8 400 - - 8 19| - - s o2 3| kM |8 .
L,
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{ TABLE E-3. S&A TEST DATA MAY 12, 1977 (Cont'd}
e Start Time End Time Durstion { Recorder {Tape
o EVENT No.{Reel | Notes
AT D H M S| D H M s ® Mode | No.
T 500 - -~ 88 2| = = 58 24| 2 | &P |3
' 600 - - 58 24| - -~ 38 2 2 | sPM |3
S 700 - —- 58 2| = =~ 5 28 2 5FM | 3
e 800 ~ - 8 3| - - B 3 2 5FM | 3
A 900 - = 88 30| - - s 82 2 sFM | 8
- 1000 - - 58 ®| - - 58 8 7 5FM | 3
f"r Co Calibration
S Z Channel Tri-Axial Accelerometer
Co 10mvRMS) (104 15 o0 oo 104 15 0 02 2 oM | 38
L 20 - = 0 02| - = 0 04 2 “FM | 3
] 80 - = 0 M| = = 0 06 2 | 4FM |8
b 0 - = 0 06| = — 0 o8 2 kM | 3
L 50 - —- 0 o] - = 0 10 2 oM |3
- 60 - = 0 0] - - 0 2 2 M | 3
. 70 - - 0 12| = = o | 2 | em |3
T 80 - = 0 1| - = 0 16 2 4M | 3
. 90 - = 0 6| = = 0 18 2 “iM | 3
o 100 - - 0 18| - = 0 2 2 a3
£ 200 - = o um]| - = o m]| 2 | 4m |3
g 800 - = 0 28| - = 0 2 M | 8
i 400 - - 0 |- = 0o n 2 oM |8
A 500 - - 0 2| - =~ 0 M 2 +FM | 3
3 600 - = 0 | = = 0 & 2 | 4M |3
1 700 - - 0 sl = ~ 0o u s | 4w |
8 800 - - 0 34| ~ — 0 3 2 aFM | 38
W 900 - = 0 8] = =~ 0 38 2 M |3
2 . 1000 - = 0 3| - = 0 6 M |3
' Calibration
‘: Frequency Channel
‘S SOHy/=0Vde 104 15 01 57 | 104 15 02 7 10 2FM ) 38
- 500Hs/1V de I 15 02 15 | 14 15 02 25 16 M|
g
.ﬁ‘ } RUN-2
: ; TEST 2 104 15 03 30 ] 104 15 8% 30 | =30 min 2.7 3
3 TEST 3 104 15 41 30 [ 104 16 12 d6 f=3ome | 27 |3
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o APPENDIX F. — SPECTRAL DATA ANALYSIS RECORDS ; ¥

. , This appendix presents the results of an analysis of raw data collected on the S&A module in various X
. : test configurations. Refer to individual teat records (app E) for test configuration and identification :
S (raw data have not been included).
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0.001
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APPENDIX F

T

| | I
POWER SPECTRAL DENBITY
Z-ACCELEROMETER
ACC 20UTPUT, TEST 1, POSITION A

| 1 | | |
RECORD ID = 4
TEST NUMBER 12
AMS LEVEL = 4.979 -~
RES.BW, = 8Hz

| 1 |

|

100 200 300 400 600 600 700 800

POWER-P, CHAN-C

0.1

0.01

0.001

11,0001

0.00001

| | | | il
500

FREQUENCY (Ha}

| |
POWER SPECTRAL DENSITY
Z-ACCELEROMETER
ACCZ OUTPUT, TEST 1, POSITION B

[ 1 | 1

RECORD D = 8
TEST -2 AUN 2
RMS LEVEL = 3,880 -
HES. BW. = 8Hz

| | 1 ] |

100 200 300 400

600 800 700 800 900
FREQUENCY (Hz)
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] APVENDIX F
Lo ;
!': ; '
: POWCR-P, CHAN-C
; | | { T 1 1 1 T 1
! POWER GPECTRAL DENSITY RECCRDID = 3 ;
! Y-ACCELEAOMETER TEST NUMBER -2 . ,
j 001 ACCY OUTFUT, TEST 1, POSITION A RMS LEVEL = 5081 - :
_ HES.B.W. - 8Hz :
] 0.001 - oo
¢ :
oo NM { ‘
1
. 0.00001 - -
[
; 0 100 200 00 400 500 800 700 800 800 1000 }
FHEQUENCY (Hz) §
. 1
L POWER-P, CHAN-C ]
S I | | | 1 1 i L ! -
POWER SPECTRAL DENSITY RECORD D = 7
Y-ACCELEROMETER REST 1.ZRUN 2 \
ACCY OUTPUT, TEST 1, POSITION B RMS LEVEL = 4818 4 (
RER, B.W. = BHz , ]
— k
]
_ i
M :
| S S L | 1 :
00 400 £00 600 700 800 800 1000 .
FREUUENCY (H2) o
|
Bt
i
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POWER-P, CHAN-C "
T T | T | 1 ! | 3
POWER SPECTRAL DENSITY RECORDID = 3 3
X-ACCELEROMETER TEST NUMBER 1-2 H
0.01 ACC X QUTPUT, TEST 1, POSITION A .RMS LEVEL = 6981 -~ q
AES, BW. = B Kz i
RN
i
0.001 - 1
!
|
O«WI — i
0 . 100 200 300 400 800 800 700 800 900 1000 !
- FREQUENCY (Ha) '
POWERP, CHAN-C |
o i
| - | ] | ] I | 1 i
POWER DPECTRAL DENSITY AECORDID = 7 i
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